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( 1940) 7 TIIOriPSON AND SANDBFRG ( 1958.-7 AND THE NFVADf-; Dilf-TALi
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OF HINFS AMD GF.Ol.OOY IN OPEN FILE FORMAT yi9k^5; AND yi9A^;,
FLOOD HAZAR7 STUDIES INOLUDE HELLS y1952;, UAANANEN, ET AL. 
y19^i;: CORPS OF ENGINEERS U9^‘;, AND GLAKC r 
y19^);.
A PAPER BY REID y19iJ; ON GFONORPHOLOGY COMPLETES THF 
RELATIVE PAPERS OF THE IHriEDIATE REGION.
LOCATION AND ACCE5SABIIITY
THE THESIS AREA IS SITUATED 1^.9 KH yEIGHT 7llFS; SOUTH OF 
RENO, NEVADA VIA U.S.HIGHWAY )95 AND THENCE 2.2 KM yFOUR 
MILES; WEST ON THE HOUNT ROSE HIGHWAY, NEAR THE SOUTHWEST 
CORNER OF WA.SHOE COUNTY yF RONTISF IECE ; . ACCESS TO THE ENTIRE 
AREA IS BY PUBLIC ROADS WITH THE MOUNT ROSE HIGHWAY BISECTING 
THF AREA IN AN FAST-WEST DIRECTION. THF CALLAHAN RANCH ROAD 
TRAVERSES THAT PORTION OF THE AREA SOUTH OF THE MOUNT ROSE
HIGHWAY yFIGURE s,;. NUMEROUS OTHER FAy7.i AND UNRAVED jfjOADS 
GIVE ACCESS TO THE REST OF THE RESlDENTIAt! AREA, THAT 
PORTION OF THE AREA NORTH OF THF. MOliNT ROSE HIGHWAY yFIGURF 
).; IS SERVICED E<fTIRElY BY ROUGH DIRT ROADS AND JEEP TRAILS. 
THE HAP AREA IS BOUNDED BY THOMAS CREEK TO THE NORTH. BY 
BROWNS CREEK TO THE SOUTH. BY T^!E WESTERN LIMIT OF THE 
STEAMBOAT HIILS TO THE EAST. AND BY THFe EAST FLANK OF THE 
CARSON RANCE TO THE WEST, THE ENTIRE STUDY AREA IS COVERED
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ON THE SOUTHERN OUARTER OF THE HT. ROSE NE DUADRANSI.E AND THE 
NORTHERN QUARTER OF THE WASHOE CITY OUADRANOlE HAPS OF THE 
e&’& ^.5 HINUTE SERIES TOPOGRAPHIC HAPS yFIGURE i.V.
PHYSIOGRAPHY 
TOPOGRAPHY AND DRATNAGE
THE THESIS AREA IS ON AN EAST-FACING FOOTHIll. Al.LUUIAL FAN 
WHICH HAS DEVELOPED BETWEEN THE EAST FLANK OF THE CARSON 
RANGE AND THE WESTERN EDGE OF THE STEAMBOAT HILLS. IT LIES 
AT THE BASF OF THE EASTERN SLOPE Of MOUNT ROSEt THE HIGHEST 
POINT IN THE GARSON RANGE: REACHING )?3^ METERS 7.0,^^R FEET; 
ABOVE MEAN SEA LEVEL. IMMEDIATELY TO TfiE FAST OF THE HAP 
AREA? THE STEAMBOAT HIl.LS RISE TO A MAXIMUM ELEVATION OF 
1nB5 METERS yArlBl FEET; ABOVE HEAH SEA LEVEL. ELEVATIONS 
WITHIN THE MAP AREA VARY FROM IA2^ TO tBSO METERS y5?200 TO 
6f00<> FEET; ABOVE MEAN SEA LEVEL WITH SPOT ELEVATIONS TO 1B91 
METERS yAr^00‘ FEET;. THE NORTHERN END OF TilE THESIS AREA 
OPENS DIRECTLY INTO THE TRUGKEE MEADOWS? ANdOhI SOTNTF.RN END
OPENS INTO THE NORTHERN END OF WASHOE VAI^T THRmiOH A 
GAP BETWEEN THE CARBON RANGE AND THE STEAMBOAT HILLS. THE 
VAl.LEY FLOOR OF THE RFNO AREA HAS AN El EVATTON OF 1,s^.? METr F;5 
A4P500 FEET; ABOVE- MEAN SEA LEVEL.
ALLUVIAL DEVELUPMENT SLOPES FASTUARD UjlU AN AVERAGE DIP.OF ^ 
DEGREES AND IS rilSSECTED BY SEVERAL PRO<INANT r JUVENILE 
STREAMS. NORTH OF THE MOUNT ROSE HIGHWAY? THOMAF CREEK NRFnDS
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■rMRSVDjD.REMAB VMrS YRT OH■Br■ ■rFRSl rOOHTTYr■HY.Y.B -GV.R■Q 
IEVAEOREI SKMV ■rMRSVMAB ?B CVTR-VHOR■T SRQS-H■Q0.V VHFAR 
TOHMGT ‘VMr■RYTGYVOVD VYQFME 3. H■I GSrRrnHG). r?UYrFT 
OSH■■EA SYQMHRYr■ Rr RSE ■rMRS^^TymEHTWAB MEOrQ■Y9EI R■ RSE 
GSrRrT. CSYRET OMVELl AETT RSH■ !1H LS ‘H ■YAE) Rr RSE TrFRS 
rV RSE RSrSHT OMEEL OSH■■EA7 IMHY■T ■EHMAB TRMHYQSR IrC■ RSE 
VH■ Or■GAEW. RSE OSH■■EA ■EHMAB GHMHAAEAT RSE SrF■R MrTE 
SYQSCHB. RSEME YT EUYIE■OE rV ■rMRSEM0.B OSH■■EA SYQMHRYr■. 
H■I ,FTR IrC■-VH■ VMrn YRT OH■Br■ ZrFRS RSEME EWYTRT EUYIE■OE 
RSHR RSE CSYRET OMEEL OSH■■EA SHT HATr ?EE■ YZGEIEI Y■ RSE 
GHTR ?B RSE THZE VHFYR TBTREZT RSHR SHUE SHI TFOS H GMrVrF■I 
EVVEOR r■ RSE RSrSHT OMEEL OSH■■EA. ,r■ET OMEEL ?YTEORT RSHR 
GKYAWYr■ rV RSE HMEH Rr RSE TrFRS rV RSE ZrF■R MrTE SYQSCHB. 
YR VArCT EHTR7 HMOT TrFRZEHTREM0.B H■I ,rY■T QHAE■H OMEEL ■EHM 
RSE TrFRSCETR OrM■EM rV TREHZ?rHR SYAAT ‘VYQFME 2.). QHAV■H 
OMEEL YT r■E- SH0 V SF E TrFRS rV ,r■ET OMEEL H■I YRT GHRS. 
CETR rV RSE OHAY HSH■ MH■OS MrHI H■I CYRSY■ RSE tI.E*I* HMEH. 
UEMB ■EHMAB SHMLT RSE Y■REMVHOE rV RSE HAAFUYHA IEGrTYRT H■I 
RSV ?EIMrOL-UrAOH■YOT. QHAE■H OMEEL VArCT EHTR. YT ,IY■VS ?B 
,r■ET OMEEL. H■I VArCT HAr■Q RSE TrFRS VAH■L rV RSE TREHZ?rHR
SYAAT EZGRBY■Q Y■Rr TREHZ?rHR OMEEL HR RSE UHAAEB VArrM ■EHM^ 
RSE OrZZF■YRB rV GYVHTH■R UHAAEB. AETT RFH■ 0.H LZ ‘H ZYAE)
TrFRS :i QHAE■H OMEEL. ?MrC■T OMEEL VrMZT RSE. TrFRSEM■
3
?rF■IHMB rV RSV RSETYT HMEH. RSV TRMEHZ ?EI YT E■RYMEAB r■ 
RSE Ur0.OH■YO ?EIMrOL H■I VArCT EHTREMAB Rr EZGRB Y■Rr 
TREHZ?rHR OMEEL ,FT-R TrFRS rV RSE Or■VAFE■OE rV OHAE.ZH 
1fTREHS?rHR OMEELT. HAA rV RSETE TRMEHZT rMYQY■HRE RS RSE 
OHMTr■ MH■OE H■I HME G.MVIrSR■HZR0 j VEI ?B RSV ZVYRYSQ ‘;!RAJRji
., 
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SCARPS CFRONTISPJECFr FIGUR . AND PHOTOHAr>, or.vrnus
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PHOTOS,
iHGRATIOH TO HI NO TH~AStl.·( RF.COGHt7: D 1H TH
WIHT S CRF.EI\, LF.SS THhN i, 6 1\1-i ((-1 1-iJI.F) TO TH[ SOUTH 
OF TH HIOHAS CR K CHAHH L., DRAH!S H AP.l."( STRAIGHT DIJ!'IH TH
FAM COt-iPLF.X, TH CHhNN I. N M:L Y Pf-1R(-1LLF.LS TH i'iOlJNT ROSF
HIGI-IWAY, THl:R IS lJIDEMCF.: OF N JRTHERl."( CHAHN I. i'HGRATtON,
M!D .JUST T.10WN··FM! FROH ITS Cr'H!YON ~iOUTH TH R D :JSTS F.VJil NC
THAT HI lntIT S CRF.Fi\ CH1\NH L Hf)S M.SO BF. H Ii'iPEOF.(1 HI TH
PAST BY TH Sf\H[ Ff"IUI T SYST ~iS THAT Hf-iV HMJ SUCH (-1 f·ROFOIH! l
FF CT OH HI THOiMS CR i\ CH:"\NNEL., .JOHF.S CR K F.1 I SF.r.TS THAT
PORI.lON OF TH[ Mfff\ TO lH[ f,OlJTH OF TH[ ~iOIH:T ROS mr,1-:wAY.
JT Fl.OlJS AST ~RCS SOIJTHEi\ST mu AMD Ju H!S GAL F.t-!f) CR FK N  .:.R
TH SOUTHWEST f.ORNF.:R OF STF.:(-iliBOAT HH.LS < F JGUF:  , >, Ghl.FNA
' 
CRF.F.K IS om::- IH'\l F iHl..t. SOUTH GF JON S CRt K AHD ns F'f'I TH,
lJ ST OF TH CALI f-iH~N Rr'H!CH ROAD f.11-!TJ IHTHJN TH Ni![SJS M , F.:s'\,
VF.RY HFMU."f i'IARi\S THF tMTFRFACF.: OF Tl·IF.: f.\t.Lll'Jif)L [I POStT -: Ai-Ht
THf J:lfJ)ROCI\ - VOLCANJCS, GAi. r!(~ f'.li:F.:F.I\ FLCllJS F.(-iSTr JS .JOINFI1 BY
JOM S GREEK, Mm Fl.O1.-1~, AL.mm TH SOUTH FLANK IJF nit STF.:A iBOAT) 
HILLS MPTYING JNTfl STF.:i:\lif.:frAT CR F.i\ hT THr.: \.lf\LLFY FLOOR N!:: : 
TH  GOHHUIHT"f OF PLFf'ISM!T V:)l.l. "(, L SS TIIAM 1.fi Ki'i (l"t iilL ) 
5011TH Of" Gf.lL NA C:RFEl\r .Br:flWr!S f:RE[!\ FORMS TH[ . SfillTH Rr' 
BOllHUARY OF Tl-IE THt.SIS ARf.~), HIF ST!i: f.lrl BF.[1 IS tHtRF.l."f ON
, 
THF. VOL.C(H!JC f.cFnr::or.K MW FLOIJf: F.~STF.:RL'i TO OiPTY Jtno 
ST l\ri'8OAf r.RF.f.K .lllS-T SflllTH 0;- TH  CONFLUFNCF OF G/'\1 .EN~'l ¥r1 
' STEAHBOAT CRF.EI\S, L L OF T H [SF.: S T F; F. Mi f. (') r-: Jr., HU-1 T T 1~ T H E 
CARG•lM RMIGF. AND :)::;•f PRf D•liH NAN Tl ·r Ffr1 Fl'r TH F Mi=" l 1 J 1-!G 1·1 TI! T Er· 
I ■,
T■rCV-HOL. TSDj0.0 rC QMrF■VjCHRVM VEnIV1 RSF 57LEHSE HVREM RSE 
T■rCGHOL SHT SE0REj)f ?FR ,r■ET OMEEL YT ■EHM0.i Y!MB VrM SrTR 
rV RSE TFSSEM Zr■RST.
OAYZHRE
Or0.r CY■REMT H■I SYYS Rr SrR TFZZEMT HME OSHMHOREMYTRYO rV 
RSE TYEMMH ■EZHSH VrrRSYAAT MEQYr■ rV RSE RMFOLEE ZEHIrCT. 
RSE EHTR-VHOY■Q TYEMMH ■EZHIH VrrRSYAAT HME R+YE Y■REMVHOE rV 
RSE TEZYHMYI SYIIAE-AHRRYRFIE IETEMR H■I RSE IMB-TFZZEM 
FGAH■IT rV RSV TYEMMH ■EUHIH ‘Y H■RYTf P^4T)1 ?EOHFTE rV RSE 
SYQS EAEZHRYr■T Rr RSE CETR H■I RSE CEAY.-IEZVArGEI MEAYEV rV 
RSE HMEHf RSE OAYZHRE YT TrZECSHR SHMIEM Rr GMEIYOR RSH■ 
CrFAI ■rMZHAAB ?V RSE OHTE1 RSE CY■REMT HME OSHMHOREMY7EI ?B 
OrAI CY■ITf VMEE9Y■Q REnGEMHRFMET H■I H nrIVMD’RE T■rCVHAA 
CSYOS OrZGMYTET RSE ZH,rMYRB rV RD!E H■■FHA GMEOYGYRHRYr■. 
RSE TFZZEMT HME OSHVHOREMY7EI ?B SrRf CY■IB IHBT H■I OrrA 
■YQSRT rOOHTTYr■HAAB ,■REGVa!GREI ?B ArOHAY9EI RSF■IEMTRrMZT. 
HZVMHQE IHYAB REZGEMHRFMET HME TrZECSHR OrrAEM RSH■ RSE 
ZHAAEB VArrM Y■ ?rRS Rj!E TFZZEM H■I RSE CY■RD!M: RSE VAEZHRYQ■ 
?EY■Q ■EHMAB r■E RSrFTH■I VEER S0bSEM. V^^DD^7.Y■Q REZGEM‘^FMET 
SHUE ?EE■ MEOrMIEI Y■ VUVM! Zr■RS rV RSE BEHMN !U■I YR YT ■rR 
7)ANddN) tN hSOF IRFM■i.! REZGEMHRFME UHMYHRYr■T -GrZ 30 0r 60 
’IEQMEET VHSME■SEYR1IFMY■Q H■B QYUE■ I.HB H■I VTGEOYHF.B IFMY■Q 
RSE TFZZEM. H■■FHA HUEMHQE GMEOYGYRHRYr■ YT VrMRB Y■OSETf 
H!0I RSE H■■FHA RVZGEMHJFMET MH■QE EMr!j^ -YT IEQMEET V. Rr P05 
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THf: NEAREST LARUE POPULATION CENTERS ARE TME TWTi^6 CITIES OF 
RENO AND SPA^KSyi^SOHF. 1^,^ KH y11 MILES; TO THE NORTH: AND 
CARSON CITY; THE CAPITOL CITY OF NEVADAf)s.s KH y^0 HUES; TO 
THE SOUTH. THE SHALL COMMUNITY OF HASHOF. CITY LIES TO THF 
SOUTH OF THE THESIS AREA ON U.S, HIGHWAY )95 AT THE NORTH END 
OF WASHOE VAll.EY. AT THE EASTERN END OF THE STEAMDOAT HIIL5: 
THE HISTORIC SETTLEMENT OF STEAMBOAT IS STILL FLOURISHING. 
THE SITE OF THE FAMOUS 6STEAMBOAT HOT SPRINGS6 OF THF 
COMSTOCK OOI.D RUSH ERA IS STILL ACi tVE AND IS SITUATED-ON 
STEAMBOAT CREEK WHERE PLEASANT VAI.LFV AND THE TRUCKEE MEADOWS 
JOIN.
WITHIN THE THESIS AREAt SUBURBAN EXPANSION HAS BEGUN TO 
DEVELOP WITH MAJOR I AND SUBDIVISIONS TO THE SOUTH OF THE 
MOUNT ROSE HIGHWAY yFIGURE 5.;. NORTH OF THE MOUNT ROSE 
HIGHWAY; DEVEIOPMENT HAS BEEN GOING ON FOR THE PAST TWENTY OR 
SO YEARS ON AN INDIVi7UAL BASIS yFIGURES ). AND ^\. ) r BUT AT A 
VERY SLOW PACE, LAND USE HAS PRIMARILY BIFnJ)rURAE. DWELLINGS 
ON MULTIPIE ACRE LOTS WITH A FEW ANIMAL^JKGRAZING ON Sf-^RSE 
VEGETATION. VF.OETATTON IS PRIMARILY SAGEBRUSH6; ANTELOPE 
BRUSH AND VARIOUS WIID FI.OWFRE AMD GRASSFS., DECimiOUS TREES 
AND SHRUBS HAVE GROWN IN CIJJMPS ALONG THE STREAMS; COTTONWOOD 
Lnd’ Lspen BEING THE PRIMARY TREES. NF.ARER THE CARSD.N RANGE 
FOOTHILL AREA THE ORANITFS AND VOLCANIC^ BEDROCK TO THE SOUTH 
SUPPORT THICK STANDS OF EVERGREENS INCI UDING LODGrPOl F; 
PINON; AND PUDEROSA PINE Ut7CH DQMTNATF THF FLORA yA-TIRGD
 1 
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THAT PART OF THE STUOY AREA SOUTH OF THE HOUNT ROSE HIGHWAY. 
NOTE THE DEFINITION OF THE GRABEN COMPLEX AS ENHANCED BY THE 
SUN ON BOTH SHADOW AND SUN SLOPES. THESE FAULTS PROJECT INTO 
THE FORRESTED AREA Al THOUGH THEY ARE MUCH LESS DEFINED.
A. ; OALENA creek; FLASH FLOODING OF MAJOR STCNIFTCA.NCE HAS 
OCCURRED HERE IN THE RECENT PAST.
B. ; THIS LIGHT GRAY AREA IS REl.ATIUELY NEW VEGETAL GROWTH 
AFTER A SHALL RANGE FIRE.
C. ; THF GRABEN COMPLEX. THE LIGHT COIORED Si OPES ARE FACING 
TO THE EAST AND ARE SUN ENHANCED WITH DIRECT SUNLIGHT, THE 
DARKER SLOPES ARE FACING TO- THE WEST AND ARE ENHANCFD BY THE 
SHADOW CAST BY THE LOW ANCLE OF THE SUN. THE LETTER 6C- IS 
NEARLY THE LOWEST PORTION OF THE GRADEN.
D. ; COMPARE THIS POINT OF INTEREST 10 THE POINT D.; OF FIGURE 
11, TO SHOW THE DEVELOPMENT WITH AN LVpARINN LACK, OF
UNDERSTANDINO OF THE GEOLOGIC HAZARD POTF5NtlAL. ^
E. ; THE SI OPE OF THE FAN IS TO THE FAST kRIGHT;. THE WEST-
FACING UPTHROWN FAULT FACE IS WELL ENHANCED BY THE LOW ANGLE 
OF THE SUN. .
F. 6; DATE OF THIS fHOTOGRAPH IS 19^s.
I
• 
 IGlJrd:  
GE:  
IJTHE I i'IF! '  -· 
fH f.t"( f.l F.t) i'I IJH ifJ 'i'IY,
 
f J J l'HJ :OiiPLEi 1'.i F. !'-: F.J.t
MW ll l.l1 F.S, M .JF. HI
F.J) (: ~ {ii IJ l·l M: ~ilJ fJ NET.I + 
+ ) OALf.Nf) CREEK i Fl.ASH FLOfl.lH NG OF iM.JflR SI GI-! IF I CAN F HAS 
IJF: TI J F.rF. f ·(\ T. 
,) THIS I..IGHT GRfY< AR!--f) IS REU1TIIJEU NE:\J 'JFGETl'll . GROWTH 
(\ lif1 f"t F.: I , 
,) M<MH:  I.F.>:, i~[ UGI-I i flf, fl t.Of-·F.: M~ M:H!  
f) iff  [1 lff  ll 1-1   r-I  f.  l,H   F  IJ . I.I  T.
' [t F: L M:F.: M'.l . l•IE M! (,F: I= F.:NHM!  r.: "r'
 no~, t)  ,n .1)1,) M./Gl. l-!F I.II-I. !:: • r. . s
l,ff F'  JfJ~! l"t[:EN, 
,> COMPARE T~IS POINT OF INTEREST TO Tl~F.: PflINT A,) OF FIGURE 
 , IJ" nntF. fir-'li[ ~I J M! ,}·PM: E T M'. t,; . or-
F  MHH [ I_ I fll. l<ft OT~A . ( 
,) TH[ SI OF'F. OF TH[ FM! JS TO TH[ F.(\ST <RIGHT , THE ~lF.: ST-
 J.  HIRO ;- .  r: liJF.:l.l . F l'!  r:t  ·r I_ 
F. IJN. • 








RSrZHT H■I CSYRET QMEELT HME TSrC■ Y■ RSE HMEH ■rMRS rV RSE 
ZrF■R MrTE SYQSCHB.■rRE RSE ■rMRSEMAB ZYOMHRYr■ rV IrRS 
TRMEHZT H■I RSE GMrVrF■IAB VHFAR-Y■VAFE■QEI TRMEHZ IEIT.
H. ) CETR-VHOY■Q; TSHIrC -E■SH■OEI VHFAR SHT H UEMRYOHA
IYTGAHQVZE■R rV ■EHMAB ^ ZEREMT ‘2^ VEER).
?. ) SEME; CSYRET OMEEL SHT OFR TKFHMEAB RSMrFQS RSE FGRSMrC■ 
VHOE rV RSE CETR-VHOY■Q VHFAR. ZEHTFMEI UEMRYOHA 
IYTGAHOEZE■R SEME YT ■EHMAB ).0 ZEREMT ‘36 VEER). TEE VYQFME 
P7.
O. ) EUYIE■OE rV RSE ■rMRSEMAB OSH■■EA ZYQMHRYr■ rV CSYRET 
OMEEL.
I. ) METYIE■RYHA IEUEYrGZE■R HAr■Q RSE RSrZHT OMEEL OSH■■EA 
CSEME VHFAR H■I VY HTS VArrI SH9HMI ?aRZ-^<YTR.




NORTH RN Tl~FSIS AR A 
  
THOHAS AND WHIT S CR ~S AR SHOWN IN TH AR A NO~TH OF TH
MOUNT ROS HIGH!<IM .NOT TH NORTHF.Rl.Y MI RMIOH OF BOTH
STRF.:MiS hND HI PROFOlli':DL Y FMIL T INFLlffNCED STR Mi B DS. 
A.> IJES T - FAC ING 1 SHr)DOlJ ··ENHANCED FAUi_ T H S ~, 1JF.RT ICAL 
t ISf'U~CFli NT OF N ARL 'r' 9 MET RS ( 9 F T ) • 
B.  lffR 1 WHIT S CR :FK 1-1~\S CUT SQUM~F.l. .( THROUGH T:-IF. IJPTHRi)WN
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H■ HV.MYHA TREMEr- GHYM rV RSHR GrMRYr■ rV RSE TRFIB HMEH 
■rMRS rV RSE ZrF■R MrTE SYQSCHB. ■rRE VHJ,!.VTi TRMEHZ 
ZYQMHRYr■ H■I METYIE■RHYA GMrWYZYRB Rr ?rRS RSE VHFART H■I 
RSE TRMEHZ ?EIT1 RBGYOHA YT RSE AHOL rV F■IEMTRH■IY■Q rV .RSE 
QErArQYO SH9HMI GrRE■RYHA RSMrFQSrFR RSE RSETYT HMEH.
H.) ‘HATr TEE T.) Y■ VYQFME P17 H■I VYQFME P.7.)1 SEME CSYRET 
OMEEL VArCT EHTREMAB RSMrFQS RSE FGRSMrC■ TOHMG VHOE CSYOS YT 
IYTGAHOEI ■EHMAB PP ZEREMT ‘3H VEER) yEM0YOH0.AB1 ■rRE 
METYIE■RYHA IEUEArGZE■R HAr■Q RSE VHFAR OMETR H■I H0 r■Q RSE 
CSYRET OMEEL OSH■■EA. J
?. ) ‘HATr TEE VYQFME 25). RSYT METYIE■OE rUEMArrLT H■
H■OYE■R OSH■■EA H?H■Ir■EI ?B H TEEZY■QAB ■rMRSEMAB-SY0!MHRY■Q 
RSrZHT OMEEL. J ) .
/ 7
O. ) TEUEMHA HMEHT CSEME E■ EOSEAr■ VHFART SHUE MEGEHREIAB
IEVAEOREI RSE rAI RSrZHT OMEEL- OSH■■EA CSE■ YR CHT VArC- 
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HORYUV1. GrTTY?AE RSErMYET r■ RSE IEVAEORYr■ ZEOSH■YOT HME
OrUEMEI Y■ RSE REWR. RSETE IEVAEORYr■ VHFART SHB ?E RMHOEI
■rMRS H■I TrFRS CSEME UEMB ZY■rM IEVAEO^R Y rST rV RSE GMETE■R
IHB CSYRET OMV.EL ‘TrFRS) H■I RSrZHT OMEEL ‘■rMRS) SHUE RHLE■
GAHOE. ■rRE RSE ZH■B EWHZGAET rV ICEAAY■QT nUV.MY.rrL0SQ RSE
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DRAINAGE CHANNELS AND AT THE SAHE TIME DEING LOCATED EXACTLY 
ON THESE EH ECHELON EAUl.T SCARPS, ALSO SEE FIGURE i::iC. FOR 
AN OVERLAY Of THIS AREA.
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TrFRSEM■ RSE?Y? HMEDj #e!?REMEr**
H■ HEMYHA TREMEr GHYM rV RSHR GrMRYr■ rV RSE TRFIB HMEH TrFRS 
rV RSE SrF■R Mr?E SYQSCHB. ■rRE RSE TSHIrC E■SH■OEI VHFAR 
TOHMGT rV RSE OMHIES OrSG0.EW H■I RSE GMrWYSYRB H■I IE■TYRB rV 
RSE METYIE■RYHA IEUEArGSE■R.
H. ) ■rRV HR RSETE Y rOHRYr■? RSE QMEHR ZYVCT CSYOS SHUE ?E.E■ 
EWGArYREI HT ISEAAY■Q TYRET HTRMYIE H■I EUE■ IFQ Y■Rr RSE 
OMETRT rV RSE V-HF0.R TOHMGT.
?. ) RSE ArCETR GHMR rV RSE QMHGV■ OrnGAEW CSYOS RME■IT SrMV 
rV AETT ■rMRS - TrFRS.
O. ) RSE CV_TREG■ VHFAR-GrF■I EIQE rV RSE TREHZ?rHR SYAAT. 
HATr TEE EYrYYME 2. H■I VYQFME PP VrM HS rUEMAHB rV RSYT HMEH.
I. ) ArQ-. E GMrOETTY■Q IFMY■Q GMY■RY■Q SHT METFAREI Y■ TrSE 
ArTT rV Or■RMHTR RSFT^IEOMHIY■Q RSE TSHIrC E■SH■OESE■R rV RSE 
VHFAR TOHMGT ‘TEE VYQFME 5. VrM ?ERREM ?SHIry Or■RMHTR).
E. ) RSE SH,rM T0!&IYUYTYr■ F■IEM IEUEArGi!^m I*R Y■ EHOR^ RSE 
QHAE■H REMMHOE ETRHRET IEUEArGSE■R H■I RSE *REMMH‘^ET’ HME1 Y■
VHOR7 RSE QMHIEN- TRMFORFME.
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SOUTH RN TH SIS (-1RF.(-1 l '.~STEREO:t  
AH A RIAL ST R O PAIR OF THAT PORTION OF TH STUDY AR A SOUTH
OF TH l'iOUNT ROS HIGHWAY. NOT TH[ s1-:r-1now F.i'Ull:NC D FMJt T
SCARPS OF Tiff o;- A!l' H GOiiPL E:< AND TH PF:IH IH H"f AHi) D NS tr( OF
TH R SJDF.NT rnL [I V~L()Pnl:NT. 
A,  ~WTF. (-1T T H S I. OC(-1T IONS Tt-: GR[r"-1T V:t:FWS \.!HI CH H/-1\I  B[F.i'!
XPI..O !T D AS itH l.l. HIG S ITC, f\STR I Jff AND V M HUG H!TQ TH
CR STS OF T~ ~AUI T Sr.ARPS. 
B.) TH  I.OW S7 PA~T OF TH ' GRA~FH COH~L X WHICH TR~NDS liORF
OF u=:ss NORTH SOUTH, 
C, > TH  WF STF: Pi'! FALILT-f{0\11-!'JJ DG  OF TH[ ST Mi BOf-1T HILLS,
ALSO S F IGllRF. , At-1[1 F IGIJR 11. FO~ MJ OVF.F:l fYf IJF TH IS AR A. 
D  > LOG·- . F·RQC SS ING DIJfO NG PR INT HVi Hf-15 R SlJL T D IN SOli[
' f 
LOSS OF CONTRAST rn11s · DF.:GR:HHNG 
F Al.IL T Sr.ARPS < SF.  F IGIJf: !5. FOf~
HI ~Ill\ DtliJ f.NHMIC iffHT flF TH
fc TT R Sl{(:f.lOj cm!Ti<l'\ST). 
, > HIE rh\,IOR S l!BDitJISION IJN_D_E_R_DEIJEI .OPri~ IS, HI F'r\CT1 THE 
GALENf-1 T RR(\Cf- ;:: S Ti-1 TF.S TIEV L()Pi'\ NT f.-lNi.l TH - T RRACF.S • i-1RF r IN 
FACT, THF.: GRA?.t. "' ~ TRllGTIJF:F., 
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Y■ rMIEM Rr SrME OYEHMAB F■IEMTRH■I RSE rEr0.rQYO !IjUE0.rDSE■R 
:i RSE MEDR0r^^^j^E ZFTR ArrL HR RSE E■RYME OEr0.rM!n SYTRrMB 
rV RSE HMVH SS!iS Y? ■rF RSE SETR-OV■RMHA F■YREI TRHRET. RSE 
HMEH7 MrFrS0.B ?rF■IEI ?B CETREM■ FRHSl TrFRSEM■ YIHSr H■I 
TrFRSEM■ rMEQr■i TrFRSEM■ ■EUHIH H■I H ■rMRS -TrFRS AY■E TrnE 
RE■T rV ■YAET Y■Rr RSE. GMETE■R IHB GHOYVYO rOEH■ CYAA ?E 
IETOMY?EI Y■ UHMYrFT TRHGET rV IEUEArGZE■R VMrZ EHMAYETR 
GHAEr9rYO Rr RSE MEOE■R HT YR MF■T RSE QHZFR rV TB■OAY■HA 
IEGrTYR,r■j 4OL5ANI*0t GAHRE REORr■YOT H■I *nDBn5TIONt 
?HRSr0.jRSYO Y■RMFTYr■1 TB■OAY■HA Y■UEMTYr■1 RSMFTR VHFARY■Q1 
HMOSY■Q1 Y■F■IHRYr■1 EZEMQE■OE1 rMrQE■ETYT ‘ZH,rM ZrF■RHY■ 
?FYAIY■Q) H■I ZHTTYUE ■rMZHA VHFARY■Q1 OAHOYHRRrS H■I 
EMrTYr■. ZH■B QErArQYO GMrOETTET SHUE GAHBEI H LEB MrAE HR 





CH I .. t. I_ IHf. U .~F. M  
IN . ORD R TO tiOR Cl. F.Af<LY IJi'Hl RSTMITJ HI G OLOGIC 1rri'.:V LOF·nFNT
O!=" TH Rf.Gt~f. iillST L.OOi< f\T TH IHIR Ol,OGIC HISTORY
OF HI ARFf-1 l-JHlf.H IS NOW TH l-J ST-CF.fo~H<f.11. lJHil n SHiT S. TH[
AR f) 1 ROUGHLY . BOIJND TJ B'( WEST RN UTAH, SOUTH RN ITJAHO AND
SOUTH RN OR GON r SOUTH RN N \H1fli1 M!D fi NORTH ··SOUTl-1 LJ: N SOii
T HS OF iHL. S UHO HIE PR SF.HT tlfH PAC:tFtC OC:F.Mi IHLL B
D SCRJB n IN VARIOUS STA S or D V LOPM NT FRON ARLI ST
PAL 07.0 IC TO Tiff Rf.CF.HT AS IT RUNS HI GAiillT OF S"H!CL.I NAL
D POSIT] ONr V CM!JS~ir PUiTF. T CTONICS MITJ S!JBfJlJf.TI t!,
Bf\TI-IOL  tTHIC tHTRllSIOr!, SYNCL.tNM. JNIJF.RSIOH, THRUST FAUL.TING,
~RCHH!Gr INIJNDATICINr HiERGF.NCFr OfWGf.Nf:.SJ:S (ticUOn ti(ltJiflAH!
BIJtl.DtNG> ANO i1ASSl'ff NORHM. FMJI..TINf,, GLc\Ct:YfWt-1 AND
ROSION, H(:NY G OI.OGI C PRCICF..SSF.S HhV F·UiY TJ (1 I\ Y ROL M 












RSV EHMAB GHAEr9rYO 
‘OHS?MYH■l rMIrUYOYH■ H■I TYAFMYH■) 
RH?AE !.


















RSE IrZY■H■R VEHRFME rV CETREM■ ■rMRS HZEMYOH BnJIN5t RSE 
EHMAB GHAEr9rYO CHT RSE QMEHR OrMIYAAEMH^ QErQB■O0.Y■El ; H 
IEGrTYRYr■H!. ?HTY■ HMOSY■Q VMrZ CETRE^^^^SrTR HAHTLH H■I
TrFRSCHMI HAr■Q CETREM■ OH■HIHl HY.r■Q RSE SETREMC ZHMQY■ rV 
RSE F■YREI TRHRET CYRS HTTrORHRE-I IEGrT0D0r■HY. ?HTY■T HT VHM 
Y■AH■I HT EHTREM■* YIHSr H■I CETREM■ FRHS. RSE QErTB■OY Y■E 
RSE■ Or■RY■FEI TrFRSCHMI Y■Rr RSE ?H,H MEQYr■ rV ZEBYOr 
<Lj0ZSEAl P^70N 0.EUY■D )^7G). H RMH■TOr■RY■E■RHA HMOS EWYTREI 
HT H MYIQE TRMFORFME VMrZ TrFRSEM■ OHAYVrM■YH Rr RSV QMEHR 
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TH DOiHNA HT F ATlJ~ OF IJf.STF.RH NORTH Ai'IF.RtCI'\ DllRH!fi TH
ARLY POL F070lC "AS TH Gl<E/,T . cOr<n '.'-'- RA~ G(OSYMCl.lNE, . ,,
D POSITHlHt'li. JMSIH ARCHING FROrl WF.~TF,ln'osr i'.\LASK,, ( AND , 
SOIITHIJA RD (ii.ONG ~IF.ST RN CM!MH:, (ii. mm TH[ ·l·I STF.R'N MM-:G IN or
TH F. ll H lT r. I) S T f)T F. S ~J J.T Ii fl S 0 r. t A T E.D D F. PO):; 1 rt ON,\ I. BAS HI 5 fi S . F A -: 
HILMHI (iS F.AS T RN• Hlhl-lfl (:ND WESTH:N IITf:H. HI G OSYNCI IN
, 
TH H C(HIT nrnr.o snunlW/\R (1 tNTO TH B(\.Jfi RF.GI OH t1F' iiF. :•: I co
0:1.IHMF.Lr. 19 (1; L F.VlNr 19 8), fi TRANf-C0rTil'IF.NH1L fiRGH D:ISTEI1
AS fl R IOG S TRIJf: TURI=: rROi-i SOU TH RM CM. IF ORN l fl TO THF. 1;RF.AT
LAl<E.Sr M!T.I TH[ liAr..:IN l~l:TF.f -&e (If H IE F'i'H-:H F tCf.M! F'ROl-iAB LY 
• 
EWRE■IEI Y■AijZI Rr RSYT TRMFORFME. RSE EHTREM■ SH0.V rV RSE 
OrMIY00.DMH■ ?EAR MEOEYUEI RSE QMEHR EMrTYrSHY. IEGrTYRYr■ VMrS 
RSE Or■YR■E■RHA ZHMQY■ Y■ RSE VrMZ rV Z0rrErOAY■H00’TEI0ZESRT D 
GMYZHMYAB OHM?r■HRET H■I KFHMR9 TH■ITRr■ET. RS^ CETREM■ SHAV 
rV RSE IEGrTRRYr■HA ?HTY■ TEKFE■OE CHT ?EY■Q VrMZEI ?B RSE 
EFQVrO0.Y■HA IEGrTYRTi GMYZHMYAB rV TY0.YOVrFT TSHAETi OSEMRTj 
QMHBFHOLET H■I UrYOH■YOT. HT RYZE Y■ IEGrTYRYr■ GMrQMETTEI 
Y■Rr RSE OJBI4I5IANt RSE -0rQErOAY■HA GMrR,r■ rV RSE TB■OAY.■E 
?EOHZE RSE MEGrTYRrMB VrM TEUEMHA RSrFTH■I ZEREMT rV 
VrTTYAYVEMrFT OHM?r■HRET. RSV. EFQErOY Y■HA VHOYET rV RSYT 
GEMYrIN ?EY■Q OrZGrTEI ZrTRAB rV rMHBCHOLET H■I rMHGDrARRYO 
TYARTRr■ETi CEME AHREM Rr ?E RSMFTR rUEM H■I ME-EWGrTEI HT 
QMEHR RSMFTR TSEERT Y■ GMETE■R-IHB OE■RMH! ■EUHIH CSEME 
RSYOL■ETTET rE RSE TErFE■OET SHUE ?EE■ ZEHTFMEI HR ■EHMAB 
5l000 ZEREMT VEER) ‘0.EUY■f P^7y). Y■ CETREM■ ■EUHIH 
ZrTR EHMAB GHAEr9rYO MrOLT HME IEEG CHREM TRMHRH Y■OAFIY■Q 
TSHAETN ZHVYO GYAArC 0.HUHTN OSEMRT H■I TrZE KFHMR9YRET 
‘TRECHMR. P^y0).
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FIGURE 6. 
• PALEOZOIC AND MESOZOIC TECTONIC 
AND OROGENIC ACTIVITY . -
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(REC0NSTRUC~ED FROM STEWART, 1980) 
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Gck;VUt S)d spFFd <P^77i:R P^7^). RSYOL TEMFV■OV.T rV GrTR- 
Tr■rSH ZHMY■E OHM?r■HRET CEME IEGrTYREI Y■ CETREM■ ■EUHIH 
IFMY■Q RSE RMYHTTYO. RSETE TV.KFE■OET Or■RY■FEI Y■Rr EHMAB 
,FMHTTYO1 F■RYA EHMAB Rr ZYIIAE ,FMHTTYO RSE ZH,rM 
IEGrTYRYr■HY ZHREMYHA CHT UrAOH■YOT H■I rMrME■YO TEIYZE■RHMB 
MrOLT1 ZYIIYE ,FMHTTYO rMrQE■YO HORYUYRB YT OAEHMAB MEOrMIEI 
Y■ CETREM■ ■EUHIH CSEME IEGrTYRYr■ RrrL GAHOE Y■ ArOHA 
RMrFQST1 ?B ZjrI0.E ,FMHTTYO SrTR rV ■EUHIH CHT EAEUHREI H■I 
REORr■YOHAAB HORYUE ‘HIHZTi ER HA. i P^<!yj TRVCHMRi P^y0). 
EUYIE■OE rV RSYT YT GMrGrTEI ?B TGEEIi P^7M) Y■ IHRY■Q RSE 
CHALEM AH■E ?EAR ‘VYQFME «D.. ) . ZrTR OMERHOErFT REORQ■YTS Y■ 
■EUHIH CHT Or■VY■EI Rr TrFRSEM■ ■EUHIH TFMMrF■IY■Q RSE 
TrFRSEM■ EWRMEZYRB rV RSE CHALEM AH■E IEVrMZHRYr■ ?EAR 
‘VYQFME 4.) HT EUYIE■OEI ?B RSE LEBTRr■E H■I ZFIIB ZrF■RHY■ 
RSMFTR VHFY RT ‘ rV FGGEM OMERHOVrFT (LAJ*ONt P^75). ZrTR 
OMERHOErFT IV5rTYRYr■ CHT Y■ EHTREM■ ■E^IH H■I FRHS H■I 
HTTrOYHREI CYRS RSE TEUYEM rMrQE■. ?FR RS^^QE IHRET rV ^H,rM 
QMH■YRYO REMMH■E Y■ ■EUHIH H■I Y■ RSE TYEMMH ■EUHIH ZrF■RHY■T 
HME ,FMHTTYO H■I OMERHOVrFT ‘TRECHMR. P^y0). MFR YSJ RSE
Y ;
■rMRS H■I ■rMRS-‘lV■RMHA MEQYr■T rV ■EUHIH. CHAAHOE H■I 
TYY ?EMAY■Q ‘P^‘!5J<) GMrGrTRI H TEMYET rV REORr■YO RSMFTRT CSYOS 
ZrUEI VMrZ EHTR Rr CETR AVRMTR GrTRFY.|HRVI ?B ZFAAEM. P^4^3. 
RSE METFAR CHT AHMQE TOHAE rUEMRFM■EI VrAIT Y■IYOHRY■Q RSHR 
SYQSEM TRMFORFMHA F■YRT MrIE CETRCHMI rUEM ArFVM F■YRT IFMY■Q
• 
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OROGEH HAVE B EH PROPOSED, CYCUC PATT RNS t)F T C fOHIC
UPI_JFT ~AS PROPOSED BY ROBERTS (19 2) ANDr HORE RFC NTLY,
PLAT TF.CTOtHC CONC PTS PROPOS D J N PARTS BY Sf"{r::rJl < 19  i )_,.
BURCHFI L
(197.\)r 
AN~S Ct9 2, 1.975>, SH.BERLING Clil >, CIIIJRKIN
Mm SP .ED ( l 9 7c: r l 9 9 >, . THJCI\ S[QljfNCES Of ro·sT-
SONOHA MARIH CARBONAT S W R D POSJ.T O IH WEST RN N VADA
DURING TH TRIASSIC. TH S SEQUENC S CONTINU D INTO ARL.Y
JURt)SS IC I IJHTIL. ARLY TO nrnnu:: JURASSIC HI iiAJOR
D POSITIONAi. MATERIAL ~6S VOLCANICS AHD DkOG NJC S DIH HTARY
ROCKS. nrnnu:_: JURASSIC OROGENIC- AC f!l)IT"( IS CL. ARL."( Rl-:COR[I D
rn WEST RN N V/\TJA ~JH R D POSIT ION TOOi\ Pl.~C IN LOCAL
TROUGHS, fH ii CODL. .JllRASSIC MOST OF N VAO:"l WAS l.E:VATF.T.I AND
:r CTONJ C~LL Y (-\CTI VF. ( t'\[IAMS r T (-\I. s i 9bB i STF.W/-\f:T r i 98(,) •
VIDEMC OF THIS rs PROPOS D BY SP F.:D, 19 ij) IH DATING TH
IJALI\F.:R U-\NF.: BFLT < F JGI.IRF- 6 ) , MOST CR H:CEOI.IS T CTfJNJSri H!
' NF.:V1,Dt) WAS - CONFHI D TO SOUTH RN NF.VAOt) SIJRROIJNJHNG TH
SOUTH RN n :TR tiJTY or- TH tJALK R Lftt~ D FflF:M(:Tl ON B LT
<FIGUR 6, AS VIOENC O BY TH K 1STON AND MUDDY MnUHTAIN
THF:UST F"l!I.TS OF IJPf'\::R C:RF.:T~CFfllJS U-1r:SON1 iS'75)' nDST
CR TAC OUS DE-POSITIOl'l WAS 
ASSOCIATF.D WJTH TH SF.VI R
Hl FAS T RH M ~Dn AHO UTAH AND
OROC,EN, BUT TH~£ lf~T S OF 1(1.l(jF(
G~ANITIC T RRAN IH N VADA AND IH TH SIERRn N VnnA MOUNTAINS
\ 
AF:F. .lllF:r'\f.8 Jr. Mm CR T M".F OLIS < sn::t~Af:T, ~- 98(0 > , [:UT Hf TH  
NORTl-f AND NORTH-~ENTRM. R GillHS o:: N VAOA, WALL.ACF. AN[I
, 
SHBF:RLJNG 09b•l> "PROPO SF.D {-1 S :RJ S Of· T CTONIC Htr.:U5TS WHJr.H
MOV O F.ROii AST TO WF.ST (FI ST POSTlllfTEO B·,· rltll.l . R~ 19~9), 
TH ' RF.SULT IJAS 1.(-if:G ' sr.1)LF m,F.RTIJF:N D FOI.DS INT.tlCATJNG THAT
HIGH R s TRllf;TlJR f)l. IJM I Hi Ril [IF, wr.:HWArrn nvF R L IJ WER IJM n s nlJR HIG 
• 
j-
,FMHTTYO - OMERHOErFT rMrQVMYO HORYUYRB. CHAAHOE Hi,G 
TYA?EMAY■Q ‘P^64) RSErMY9EI RSHR RSETE rUEMRFM■EI VrAI5 CrFAI 
SHUE ?EE■ TEOr■IHMB TRMFORFMET Y■ ME■EMHY 0.B EHTRCHMI IYMEOREI 
ZrUEZE■R GHRREM■T7 rM ZrME AYLEAB H GEMYrI. rV ZrUEZE■R 
MEUEMTHA. RS^~ZH,rM EUE■R rV CETREM■ ■EUHIH Y■ RSE ZrET9rYO 
ZFTR ?E RSE ESG0.HOESE■R rV RSE 3YEMMHS QMH■YRYO GAFRrST. 
?HRSr0.YRSYO Y■,EORYr■ GMr?H?AB ?EQH■ Y■ AHRETR RMYB^TTYO Rr 
EHMAYETR ,FMHTTYOl ?FR RSE ZH,rMYRB rV RSE QMH■YRE YT 
OMERHOErFT Y■ HQE. HQE IHRY■Q ?B YTrRrGYO IYTOMYZY■HRYr■ rV 
RSE OE■RMHA TYEMMH■ QMH■YRYO ZHTTET HME 2P0-P70 ZYAAYr■ BEHMT 
?.G.i Or■VYMZY■Q RSE Y■YRYHA EZGAHOEZE■R HQET. RSE. 
CETREM■ZrTR GAFP0■T rV RSE TYEMMHT HQE IHRE P45-P25 ZYAAYr■ 
BEHMT ?.G. ‘AHRE ,FMHTTYO) l H■I RSE G0.FRr■T Y■ RSE MH■QE 
OMETR HME ^0-y0 ZRA0.Yr■ BEHMT ?.G.1 CEAA Y■Rr RSE OMERHOErFT 
‘EUEMIE|‘ H■I LMYTYAEMi P^70D TYA?EMZH■ H■I ■OLEEi P^7P5 
TZRRSl ER HA.l P^7P) TGEEI ^!■I HMZTRMr■Q1 P^7P1 OMrCIEM1 ER 




JURASSIC: CR TA C OUS OkOGFNIG ACTIVITY,, 
S tl8f.RI.ING < t 9  > HIF.:rJRtZ O THtH TH ~,F.: OVl=:RTUR~F.D FOU: ·~ iJ OULD
HAt' B F.N Sf.GONTJAf:Y f-TRUGTIJR S IN G NEF{(il.l Y F.ASH!A[d '.l tlf: F.:CTF.D
H0 1Jf.iiF.NT PtH~F.RN_t, OR liORF. Lli<'. l. "f t\ PF.RtOO OF nO'J M NT
R V RSAL. T~AJO~ V NT OF WESl[RN NF.VADA IN THr ~O SZOIC
HUST D TH f.iiPU\CEiiEHT OF TH ~H RRAN GRANITIC PLUTOr!S,
BATHOL.JTHIG INJf.CTlOH PROBA'BLY J::E6hN IN L.flT ST TRHiSSIG TO
ARLI ST JURASSIC, BIJT THI=: iiAJORIT'f OF TH  GRAHIT lS
CR TM'. FOlJS JN AGf . AG  DhTING BY I SOTOrJI C DI SGRHiH!f:1TJON flF
HI C NTl' L. SIF.RRAH GRMIITIC MASSf.S t\P.F. 1') 17•) iitLLI GH 'ffARS
CONFIRtiING TH HH TJ ('IL F.tifLAGFtif.NT AGES, THt. 
Wl=:STERNMOST Pl.lJTOHS OF TH SIERRAS AG DATi:: 1 1 HtLLION
Y ARS B . F', Cl.tHF. JllRASSIG> s M!D TH F'LUTONS IN THF.: RMiG
CRF.ST ARF.: 'N ·-81) M Il.l  lOH 'f t,R.S 8  P, 1 i.lF.l.L IHTO TH CP.~TACF.OUS
( V RDF.tl Mm KR I Sl I. R J l 9 (1 r s I LB Rtil-:N MID ~iCl...:f: : 19  J ;
SHtTH1 T ('It, 1 19 1' , SPff.l) ~I'll) f.lRMSTRONf,, t9 H CRO\JD~R, T
AL, r · 19  j GM~LSOM, fT Iii., r J 9 ; SPF. n r T (ii., r 1 ;,  r iil'! I





























RSE OE■r9rYO SHMLT RSE ?EQRZY■T rV RSE VYMTR TRHQET rV 
TSHGY■Q H■I ZrFAIY■Q rV RSV. REMMH■V^ CSYOS Y■ H SEME 65 
ZYAAYr■ BEHMT CYAA BYEAI RSE ZrMGSrArQB rV RSV CETREM■ F■YREI 
TRHRET HT YR YT RrIHB. IFGY■Q RSV. REMRYHMBi H^® GMEIrZY■H■RAB
GME-SYrOE■El ZFOS rV RSE HMEH Trr■ Rr ?E RMH■TVrMZEI Y■Rr,RSE 
?HTY■ H■I MH■QE GMrUY■OE EWYTREI HT H TRMFORFMHA HMOS ‘AEUY■l 
P^7y). AHRE GHAErrE■E UrY.OH■YOT Y■ RSE OE■RMHA TYEMMH ■EUHIH 
ZrF■RHY■T SHUV ?EV■ 1TRFn!EIl H■I H■HABTYT TSrCT RSE EMFGRYUE5 
Rr HQE IHRE HT EHMAB HT 53.5 ZY0.AYr■ BEHMT ?.G. RSEB HGGEHM 
Rr- ?E ZFOS BrF■QEM RSH■ RSE ■rMRSEM■ T^VMMH ■EUHIH UrAOH■YO 
HORYUYRB ‘TAEZZ0S5l P^66). GHOYVYO H■I ■rMRS HZEMYOH■ GAHRET 











<T RTIARY AHO QUAT RNARY> 
TABL . 








0-: iocene < 
23 -H E-< , 11 ,ocene r : 
37 -E-< . ocene 
55 -
.? coccne 




TH C NOZOIC MARKS TH!:. B G H! H!G IJF TH F 1 RST STAG S OF
SHl'lf'ING ~NTJ i'i(HJL.TJING or THE T RRAN[ WHICH IN (:1 ti[R
MIU. IOH YF.f.\RS ~JIU. HELD· TH M1JRPHOI .OCH OF HIF. WF. STl: RH UNIT D
SH1T S ~S l_T JS TO 1AY, DURING TH[ T RT!fiRY, f1&J PR DOMINM!TI..Y 
PRf ·- MIOC N :., HUCH OF H!t. AR A SOON TO Bl: T~FORMF.J) HITO( TH . 
BASIN Mm R1'HW[ F'ROl.1INC F.>:JSTF.fl (18 '"' STRllGTlJRAL M',C.H <Ln1IN,
19 8), U F.: P,,1. o, :n1!=: VOLCANICS HI THi:: C llfTR,\L 511:.RR:'I NF. 1.'AD,'\
.. . 
HOUNTMNS HAVf:' BF.F.N.STlHIH.1:1, M!D MU\I. YSJS SHOWS TH F.Rllf'TI\I S
TO ' AG D ft T (IS F. A R-L. '( fl :,   • ii I l.l.. Hi H Y f. AR S 8 • P • HI  Y APP AR
TO . BF. lil.lGH YOUNG R THAN TH NflRTH[F-:N 5f t'RRA NF.Vfirt1) VOL.GM!IC
ACTilJITY (Sl.F.MMONS1 l.9Mi> . Pr'ICIFH: ,~NO NllRTH AHF.RiCAN Plt'\T S




GHMHAAEA Rr RSE TH■ H■IMEHT VHFAR Y■ AHRETR rAYQrAESE ‘H?rFR 
24 SYAAYr■ BEHMT ?.G.)i GrTTY?AB EHMAYETR ZYrOE■E. RSV 
ZrUEZE■R SHT HR H ■EHMAB Or■TRH■R MHRE rV TrZE 6 O1€CR Y ZEREMT 
GEM BEHM Y■ H IEWRMHA TRMYLE-?AYG MEAHRYUE ZrRYr■. ZHQ■ERYO 
H■rZHAB GHRR^^Ywf!:V rOEH■YO GAHRE OrME THZGAR■6TR TSrC R.SHR 
RSE GMETE■R EGYTrIE rV RSYT TRMYLE-TAYG ZrRYr■ rMYQY■HREI 
HVRVM RSE OETTHRYr■ rV TF?IFORYrS H■I ■rR EHMAYEM RSH■ 30 
ZYAAYr■ BEHMT ?.G. ‘RSE GHOYVYO GAHRE SHT ZYQMHREI ■rMRS 350 
LZ TY■OE rARQrOE■E ‘37 SYAAYr■ BEHMT ?.G.)1 H■I 300 LZ Y■ RSE 
GHTR 5 ZYAAYr■ BEHMT ‘HRCHRVMD P^70). ?B ZYIIAE REMRYHMB RSE 
TRMFORFMHA HMOS E■REMEI H GEMYrI rV TF?TjIV■OE CYRS ■rMZHA 
VHFART rV ZH,rM GMrGrMRYr■T r■ EYRSEM TYIE rD RSE GMETE■R 
QMEHR ?HTY■1 RSYT METFAREI Y■ ZH,rM VHFARY■Q CYRS ■rMRS- 
TrFRS RME■IT Rr IEUEArG RSMrFQSrFR RSE TF?TYIY■Q ?ArOL. RSYT 
ZYIIAE REMRYHMB H■I MEOE■R SYQS H■OAE VHFARY■Q SHT Or■RMrAAEI 
RSE IEUEArGZE■R rVs RSE H■OETRMHA H■I GMETE■R ZrF■RHY■T H■I 
UHAAEBT rV RSE ?HTY■ H■I MH■QE GMrUY■OE ‘rTZr■I; P^.T0). 
TRECHMR ‘P^7P) UYECT RSE IEUEArGZE■R rV RSE ?HTY■ H■I MH■QE 
GMrUY■OE HT H. TBTREZ rV SrMTRT H■I rMH?E■T GMrIFOEI ?B RSE 
VMHQZE■RHRYr■ rV H OMFTRHA TAH? H?rUE H GAHTRYOHAAB EWRE■IY■Q 
TF?TRMHRFZ1 RSYT CrFAI Y■Di«iij!E RSHR VHFARY■Q YT ?B
IrC■-IMrGGY■Q HAr■Q ZH,rM ■rMZHA VHFART VrMZY■Q RSE QMHIE■ 
UHAAEBT H■I AEHUY■Q RSE SrMTRT rM RYA.REI SrMTRT HT RSE ■rMRS- 
;■rMRSEHTR RME■IY■Q ZrF■RHY■ MH■QET CYRSY■ RSE ?HTY■. RSYT
2
RSErMB YT QE■EMHAAB HGGAYOH?AE Rr ZrTR YV ■rR HAA ZH,rM 
UHAAEBT rV RSE QMEHR ?HTY■. RSV QErZERMB MErFYMET HS EHTR- 
FETi EWRE■TYr■ rV H?rFR 2 Rr ^ LS ‘P R^ 5 ZYAET) HOMrTT EHOS 
UHAAEB IM 4? Rr 96 LS ‘30 Rr 60 ZYAET) HOMrTT RSE E■RYME
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PARf'\L.L. l. TO TH  SAH ANDR AS FMJL. T It! l.: EST OLIGOCn!  <ABOUT 
 till.LION Y l'\RS B.P, r POSSIBLY ARLIEST MIOC N , THF 
MOV H HT WAS AT n NF.ARLY CONSTANT RAT  OF SOH   C£HTIHFTERS 
. P R Y AR IN A DF.>:TRAL STRJI\ -Sl.Jf' RF.U1TJV  MOTIOt!, ~ihG~! TJC 
ANOMM.Y 
0
PATT~OF OCF:MJtC Pl.AT GOR  SAHPL IN13S] SHO \.J T.HAT 
TH[ PR SF.NT PISOD OF THIS STRr'I\ -SLJP tiOTION or,IGHU-1T D
AFT FR Tiff Cf.SSA HOH OF SUBDIJCT ION AHO NOT AF:LIER TIIAN
MILLION Y ARS ~ P •• TH PACIFIC PLATf HAS NI6RnTED NORTH
KH SING OLI60CEH (3 HILLIOH Y ARS 8 P, ANO KH IH TH
PAST till.LION Y ARS U-1H!ATFR, 19 (•), f<'i tiH DL T RTIAF:'i TH
STRUCTURAL ARCH F.:HT R D A P RIOD OF SUBSIDENC WITH NORHAL
FALILTS OF HhJOR PROPORTJ.ONS ON lTH R SIIl OF TH PR SFNT
GRf.tH BAS HI, THIS R SULT D IH rlf),JOR FAUL TH,lG MITH NORTH-
SOUTH TR NDS TO flF.V L OP THROllGHOIJT TH SllI:SiflJNG RLOCI\, THIS
MIDDL T RTrnRY ANO RF.CFHT HIGH ANGL F:' JI_ TING H()S CONTROLL D
TH JJF.VELOPHDIT or ' TH (-1NCF.STRAL M!D PR S NT l'iOIJHTtHNf- M![I 
VAU.F.:YB OF TH BAS HI AND R:'\NOt. PROI} rnr: ( 05iilJNO 1 196• ). 
ST WA~T Cl97l) VIEWS TH D V LOPM NT OF TH RhSIN AND RAHBF
PR0 1JINCF. AS t\ !HSTF.rl OF HORC,TS Min ORA'Etf.NS PROOtJCFO BY TH
FRA6H NTt\TIO~! _OF (-1 CkUSTt\l. SU1I: Al:lOVF f-1 PI.ASTJCl'\U.Y F.>:TF.NDJ _NG
SUBSTR•HIJiL THlS WOlJL.O THAT rR FAUi.TING ( BY_ 
[IOWN ··DROPPJNG ALONG HAJOk NOF:lit'1L F(\IILTS FORrilNG TH  Gr,AT.:F. t! 
VAL.LEfS AND l_f.t\l}HIG TH  HURSH, OR TII .T D HIJP.STS ()S TII  rltl~TH-' 
NOIHH AST TR NTI ING ~iOlH!T f\ IN RANGC:S ~ITHI N TH[ f<ASI N, THIS 
• 
TH~ORY I (' ., fl f.N f. P. ()LL'( ()PPL t CMll.E TO iiOST IF NOT ALL Hf\JOR 
VAi.LEYS OF TH GR AT BAf, lN, THF GEOli TRY RF.fWIRF.S M-! M,T-
WES f f.:'<TENSION OF ABOUT  TO 9 iiii ( 1. Tb 5 HILES) ACROSS F.ACH 
VAi.L Y OF: ~8 TO 9/:. I\M ( (• TO 1,0 1-iILES) (\fR Cl f.S Tllr FUTlR  
• 
1_^
?ijTY■1 H■I RSRT SHT rnOFMMVI Y■ RSE GHTR P7 SY0.Sr■ BEHMT
5
‘ZYIIAE ZYrOE■E) HR H■ EWRE■TYr■ MHRE rD- 013 Rr" P.5 
OE■RYZEREMT GEM BEHM1 MEOHAAY■Q HRFHREMJT ‘P^7J)N ’TGMEHIIYQ 
MHRE H■I RH■QE■Rfr?AYMFV GAHRE OrAAYTYr■ rV RSE OE■r9rYO 
?EY■Q H 5ENT.WtEJ* GEM BEHM. RSE MHRET rV GMrGrTEI EWRE■TYr■ 
HME IYVVEME■R. ?FR TrZE rV RSE EWRE■TYr■ GMrGrTSI ?B HRCHREM 
‘P^70) r■ RSE TH■ H■IMEHT VHFAR YT ?EY■Q RHLE■ FG ?B RSE ZH■B 
VHFART Y■ RSE QMEHR ?HTY■. RSETE VHFART HME TGMEHI rUEM H 
ZFOS CYIEM HMEH H■I. RSEMEVrME. RSE EWRE■TYr■ RHLY■Q GAHOE r■ 
EHOS VHFAR ZFTR.?E ZFOS AETT RSH■ HRCHREMJT ‘P^70) VYQFME. HT 
TRECHMR ‘P^7P) GMrGrTET. RSE ?HTY■ H■I MH■QE GMrUY■OE
‘VYQFME 7.) YT MHGYIAB ?EY■Q TSHGEI. ZYIIAE Rr AHRE REMRYHMB 
H■I EHMAB KFHREM■HMB TSrCT GEMYrIT rV TYQ■YVYOH■R ■rMZHA 
VHFARY■Q Or■OE■RMHRYr■ CYRSY■ H ^7 LZ ‘<D50 ZYAE) MHIYFT rV 
ME■r. ■EUHIH CYRS ZrTR rV RSE VHFARY■Q EHTR rV RFG TYEMMH 
■EUHIH ZrF■RHY■T ‘0.rMY■?. P^7H)1 RSE HMEH ?ERCEE■ Zr■r AHLE. 
OH0.YVrM■YH H■I BEMY■QRr■. ■EUHIH CHT RSE T‘;E■E rV VrMZHRYr■ 
rV TYW TYMFORFMHA ?HTY■T rV RSYOL ZYrOE■E-GAYrOE■E
TEIYZE■RHMB H■I UrAOH■YO MrOLT. RSYT HMEH. ?.?. Rr YT ZYAAYr■ 
BEHMT ?.G. SHT H SYQSAH■I rV EMrIY■Q 0P Yj!:OE■E YQ■YS?MYRE
VArCT1 RSYT CHT VrAArCVI ?B H ?R.H■LER FVfH■IETYRYO MrOJ^T Y■
RSE VrMZ rV VArCT H■I ?MEOOYH. ?ERCEE■ PN.5 H■I. y.5 ZYAAYr■
BEHMT ?.G1 RSE HMVH ?EOHZE HS Y■REQMHREI TEIYZE■RHMB ?HTY■.*
* HR RSE THZE RYZ, ■rMSRCETR RME■IY■Q ■rMZHA VHFARY■Q H■I
Ur0.OH■YTS ?EQH■. - H■I ?B 7.5 ZYAAYr■ BEHMT ?.G. RSE HMEH
IYTY■REQMHREI ?B ■rMRS-■rMRSEHTR RME■IY■Q VHFARY■Q Y■Rr RSE
(
GMETE■R TRMFORFMHA ?ArOLT ‘QYA?EMR. VR HA.i P^73). MEAHRYUE 
KFYETiE■OE ZHT GMEUHYAEI VrM VrFM Z!0 AYr■ BEHMT CYRS RSE
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Br.SHh AND THtS IU'1S OCCURRED HI ,HI F'AST 1 MIL.LION Y ARS 
CHJJJTJLF. HJOC NE) AT AN XT NSIOH RATF. OF , TO " 1.s 
CF.1-IT tH T RS P R 'ff.•)R, Rf.CM.LI HG ATW!'ITER' S C 1970:L !SPRF.f\OING
RATF. ANP TANGENT/OBLIRUF PLAT COLLJSJON OF THF C NOZOIC
BF.ING l, CEHTI~S P R Y AR, HI R•Hf.S OF PROPO.S D :<TF.:t-lSION
AR DIFF R NTt BUT SOli[ OF TH XT NSION PROPOSEfi BY ATWAT R
(19 ) OH TH SAH ANDR AS FAULT 1S B ING TAK N UP BY TH ~ANY
FAULTS IN TH GR AT ~ASIN, TH S FAULTS AR S~R AD OV ~ A 
HUCH MtO R AR A AND, TH REFORE, TH XT NSION TAKING PLAC ON
ACH FAULT HUST _ B tiUCH L SS THAN ftTWATF.R'S <19 \')) Fl6lmF-, r'tS
ST WART (19 1) PROPOSES. HIE Bf)SH! ANtl RANGE PR0 1>INCE 
CFIGllf-: , > IS F:t'\F'JJJL.Y B JNG SHAF·F.TJ. lilDTJLF. TO UtT TF.RTl(tF:Y
AND ARLY . QlJAT 'RNARY SHOWS P RtODS OF S tGtlIFICAHT NORMAL
FAULTING CONCF.NTR,HJON WITJ-IIN A 9 l\li (M• i'iJL ) RAnrns or-
R N01 Nl:.VAD•) WITH i'IO~H OF TH FMJLTtNG t'\ST flF n11:::• SC RRA
N VhDA i'iOUN tINS (l.(l'fUNG, 19 t, >, TH ftRF.A BF.TW FN tiONO LM;F ,
CAL.IPORHt,\ AND Y RINGTON, N VAO•) IU1S TU SCEN OF FORi'ifHION
OF SJ>: S1 RllCl'llRfll. or THICK HiflC N PLJ-OCF.NE 
S DJ.Hft!Tt\R'f f\'HO l)Ol.CA_NIC ROCi<S, TH,(S AR !'!, 22 TO 18 HtLUON
Y flRS FI.P, MAS A HJGHLMm or ROJJING Ol I'OCEN JGNHiBRJ1  
FLOWS, THIS WM, FOLlOWFD B ___ f f'I __ B .... RANi\F.T 1J~NOF:SITIC ROCl S IN 
TH FORM or FLOWS 6ND BR CCIA. B TWF.FN 12., {-1ND. 8, h1LL.JOtl 
Y ARS 8,P, T:I ARE•'\ B CAr!  AH H!TF:l1RfH 'O SF.Ot.ri HTr'lR'f B/.\SIN ·, 
• AT TH SAi'i( T]n[ NOr,HTW ST TR tHIJ°NG NORi'iAL FMJLTJNG (lf,![1 
VOL.CMIISrf BF.GM!, . MiO B'f , HtLL.tOli 'fF:ARS B,P, TII AR :) W~ 
[1.,ISH!TF.GF-:ATF.D BY NORTH · NClrnH[t'IST TRF.:NJHNG FAlll. TING JNTO TH  
( 
PR SF.NT STRIICTIJRf)L 81.0CK S CG H .B RT, ET AL., 19 ) , R LFH H'
OUJ 8fENf. HAf. PRF.:VAJLfTI FOF-: HJl JR MIi LJ ON YF.:,~RS tHTH TH  
4'' 
• 
VrMZHRYr■ rV H CEAA IEUEArGVYj VMrTYr■HA TFMVHOE1 Y.rOH0 Y9EI 
UrAOH■!i.T H■I UrAOH■YO OE■REMT1 ?MrHI FGCHMGY■Q H■I ■rMZHA 
VHFARY■Q ‘VYQFME. y.) RSMrFQS RSE KFHREM■HMB OrFG0.EI CYRS 
TFMVYOYHY. QAH^O,j^ H■I VMrTYr■HA EVVEORT SHUE V0■H0 AB OHMUEI 
RSE GMETE■R RrGrQMHGSYO TOE■E.
VYQFME 7.
RSE ?HTY■ H■I MH■QE GMrUY■OE
7
RSE OrZGAERE MH■QE rV VYVYTRrOV■E QAHOYHA EGYTrIET HME
« *
ZHGGHT0.E Y■ RSE TYEMMH ■EUHIH HAr■Q RSE OHAYVrM■YH - ■EUHIH 
?rMIEM VMrZ RSE rAIETR ZOQEE V.GYTIIV RSMrFQS RSE TSEMCY■i RSE 
RHRSOE H■I RSE BrF■rET D RYrQH ‘HWEFD0I H■I RY■Q1 Y^60; 
RSrM■?FMBi P^60). RSE IE?MYT Y EVR ?B RSE ‘S.HOYHA EGYTrIET YT 
RSE ZH,rM Or■RMYTFRrM Rr RSE FrAFS■rFT HZrF■RT rV ZHREMYHA
.. 
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FORrrnTTtiH fJF f) W LL. Dl::VELOPErJ EROSIIJNM. SURFAC  7 LOCAL. IZ [I
VOL CMH r.s Mm ~'OLCM!J r. u :tHF.RS . BROAD llPlJARPJHG {:ND NOf-:iiAL
FAUL.TING <FIGIJRF. a·,> THROIJGH TH QWHF.RNARY Cl)Ufl'l. tt IHTH
sur<FICJAL 6LA~ ANTI FROSIONAL FF CTS HAV F?NMLY CAF:V[[I
THF. PR S HT TOPOG~APHtC SC NE. 
FJGUR , 




TH (flMF'l.F.T RM!GF. or- r·1 fH, Ti} ;"; Fr! i,l_(\f:Ji.lL PJf, (1!,!F.S M:  
MAPPABL HI HIE: StER~M NF:VM! :) :'\ LOMG HIF. CALIFORHtf't ~I :VADA
BORD R FROM TH 01..J)EST MCG F f'J SOitF HIF:OlJGH TH SH RWIN r TH '
T Al-IC AN I) TMF. Y OIJNGF. ST T to Gf'l < fHl::l.ffn O ANO TIN i,, 1 •?"60;
T HOR tH:< LI r: Y r 1 9  5 ) , T HF fl  F< r, J S I F T fl Y TH [ M '. J ti L F. F' I SO fl  I S 
HI H/'UOR Cf)HTRHH!ffl t~ T_tl T:!F' VOI .Ur:N f)IJS AMOUNTS llF ii :"ITFRIAL 
• 
r.n---7 ~------------~37 ( I , -r 
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LATE QUATERNARY ?AUl.~S 
AND FAULTS WITH ?.I S: J~IC 
MOVllIBNT. (AFT!?. 2--::::IAR~, 1980) 
• NORMAL FAU:.-:' ( ~<\LL c.N DOWN-
THROW~ s:J~ ) 
STRIKE-SLIP F.!.]!,T (-ARROWS ARE REL-
ATIVE ~.'.:--:ION ) 
• HISTORIC FAu":: (IN RED AND DATED) 
t r -- ---, --j ( 
'. . i _: .. , \ ) 
·. i I · 
.·-11.). ,/ . 
I i ,.~~{-,/ ,., 
,, \ \ / f ·r---11r------
-- I 
' I 
0 25 mile, 
I I , 




HUHYY.H?Y V VrM HF FUYHA VH■ ?0,Y0.iF■Q rS RSE TRVVG V.HQRVMS 
VAH■LT rV RSV TYEMMH ■VUH?H SKF■RHj■T1 RSE E■RYME AE■QRS rV 
RSYT EHTREM■ FLAlNK YT OSHMHOREMY9ER! ?B SY‘5S-D!MHIYE■Rl 
,FUE■F.E TRMEHS EMrTYr■ H■I FEF.. IEUEArGEI ?FR MEAHRYUEAB 
BrF■Q VH■ IE^RDTYRT irSGrTEI rV QAHOYHA rFRSHTS H■I rRSEM 
EMrTYr■HA HAAFUYFS. SrTR rV RSYT VH■ TEIYSE■RHRRr■ SHT ?EE■ 
IEGrTYREI ?B VAHTS VArrI HVREMSHRS CSYOS YT GMr?H?AB RSE 
GMRSHMB VH■ ?FYAIY■Q SEOSH■YTS Y■ RSYT TESYHMYI MEQYr■. 
RSETE VH■T SHUE VrMZEI HT RSE TRMEHZT E■OrFLRVM H MHGYI ArTT 
rV QMHIYE■R HT RSEB VArC Y■Rr RSE SYQS IETEMR Y■RVMZr■RH■E 
UHAAEBT H■I GAHBHT.
HAZrTR Or■RY■FrFTAB HAr■Q RSE E■RYME EHTREM■ VMr■R rV RSE 
TYEMMH ■EUHIH ZrF■RHY■T 7 . ZH,rM ■rMZHA VHFARY■Q YT 
OSHMHOREMYTRYO ‘TAE--r■Tl ,^75)1 ZH■B rV RSE VHFAR TEQZE■RT 
SHUE SHI SYTRrMYO ZrUEZE■RT.H■I SHUE ?EE■ MEOrMIEI IYMEORAB 
r■ TEYTZYO MEOrSIY■Q IEUYOET rM HTTYQ■EI ETRYZHREI ZHQ■YRFIE 
UHAFET ?HTEI r■ RSE OrMMEAHRYr■ rV Y■RE■TYRB TOHAET H■I 
HOOrF■RT ?B EHE-FYR■ETT rM ■ECTGHGEM MEOrMIT ‘HGGE■IYW. ?.). 
MEOE■R QErArQ-YO SHGT rV OHAYVrM■YH H■I ■EUHIDc TSrC EWRMEZEAB
CYIE TGMEHI TEYTZYO HORYUYRB ‘ZHG^,.i ZHGRMEWAV.M! !^Q). 
ZHG P1 TSrCT AHRE G0.EYTRrOE■E ‘Sr0.rOE■E) VHFAR R■Q .SYQSAYQSREI 
Y■ MEI. HAA rRSEM VHFART r■ RSE ZHG HME rAIEM RSH■ AHRE 
pplF.stNAF)F. thF 1 sF.sd.A MVOrMI7 ?rRS Y■TRMFZE■RHA H■I 
HORFHA HOOrF■R MEGrMRTi TSrCT ZH■B rV RSE VHFAR 9r■ET Rr ?E 
OHGH?AE rV TYQ■YVYOH■R VUV■RT7 ?FR r■AB H VEC SHUE EUEM ?EE■ 
RSV OHFTE rV QMEHR VHMRSrFHLV.T D RSHR YTi QMEHREM RSH■ H.r 
ZHQ■YRFIE EHMRSKFHLET HME Or.JSTRIVMVI Rr ?V RSE IETRMFO0RUE
38 
AW-\JLM;I F FOR ALI l.lVJ(:L FM! Bll:CLTIHH, Or! TH sn::EF' EASTFRt!
FLAl'IKS OF TIIF.: SIF.RRf) NEVMH\ nOIJHT~HHS, HI HT IR I_F.NGTH OF
THIS f:(\ST RN l. fl IS CHf.if-(\CTER I ZEfl f!Y HI Gil ' f~RAJH F.NT,
. JIJV H H .F. ST R  Art ROS I OH (tNfJ 
YOUNG FM! n~s r.OMPOSF.TJ
WELi . ll V LOPE:D B\IT R I.AT I 1J L Y 
or GLM If'\1. OUHIASH (-il-!D OHi R
ROSIONAL. Allll9IIJH, HOST OF THIS FAH S DIH NTATIOH HAS B N
D POSIT fl BY FL.flSH Fl.ClOD 'AFT RM(HH IJB!CH IS PROBABLY TH[
PRI~ARV FAM BUILDIHG H CHAHISH IH THIS S MIARID R~GIO~.
TH S F~NS HAVF FOF-tiETJ (-1S TH STRF.MiS NCOlHffFR (-1 RM·:Cfl LOSS
OF GRADI NT AS Tlff "( FLO\~ INTO HI HIGH D S F:T IIHER OHTAN
VAi. L YS l\l'HI PLflYAS. 
{1UiOST COr!TINUOllSLY ALONG TH tHIR M",T RN FRm!T OF TH
SIERRA HOUHTf)HIS 1 Hti-JOR NIJRHAI. FAULTING IS
CHAr<ACT R IST:t r. ( SL. MtiONS, :i 9 ) , MhNY OF TH F ,,uu SF:Gti r!T S 
HAV M:\D ·1:1 ISTOR'J.C ~flVF.ii HTS . Al'i(I HA•J B N R CORD O (l!RFr::TL Y 
ON S ISMIC R COl(fllNG D V:CC S OR ASS:CGNEfl STJHATF.D ~AGNJTUD
VALU S 'B:'\S ) OH TH r.ORRELAfIOt! OF INT N~. l n SCAL S Ar-!D
ACCOUl'!TS DY F."'t'F.-WJTN[SS or, N l•lf,PM· R R COIUIS ((-if'PENDH B,  + 
RE :F.HT IJF.OLOGi C MOPS OF C,\L I FORNI O MIO ~E~O '.) - ~fl014 :<TRCM ELY 
\JHIF. SPR AD SF.JSliIC (-iCT:tVJTY OiAf' j,, MAr  1RD.I.F.R, .i t8> . _ 
MAP 1., SHOWS l.:'\T PL flS OCEN <HOI. OCDIF.) FAIJLTTNfi ,HIGHLI GHT D
IN RF.T.I. fiLL ftTH R Ffil.11.TS Or! TH hAr-' . (-iF: Col.D R Tf.: ?:i'! U1T
THE • SEISMIC RECOR[t, 'BOTH IHST IJHi=:HTAI . AND · 
ACl'llAL flCCflUiH R PORTS r SHOWS liAWi flF TH FMIL T ZON S T • ~
Cf\P,,Bl. OF SlGHIF"ICMIT EVF.HTS, BUT fJNL.V "A F~ W H:WF:: F.:V~R B N( . 
THF CAUS OF GR AT EARTHOUA~F.S i THAT JS, GR~AT R THAH ~ O
MAGIH HJTJ F.ARTIIQIJAKFS AR COi·! t t:iFRED TO 8F. TH ri STR IJ •: I ! 1}t 
... 
• 
rV■.UHIVMrE R■STU.r■Y GOLCLAO UZE. ZD .Ur rIrU.E NS.USF .Ur 
ESr■■V FrBVPV UZIF.VSUE UVBr ^rrF TZFDSFrP .Z .Ur NrE.r■F 
USFyr V!SEO .UrEr rBrF.E V■r VEEZTSV.rP NS.U .Ur TZF.SFISFy 
.SQ.SFy ZD .Ur ESr■■V FrBVPV UZIF.VSFE VQZFy .Ur FZ■.U0EZI.U 
.■rFPSFy V!SE ZF .Ur NrE.r■F EQZ?r ZD .Ur ESr■■VE R^rFFr..Y 
GLlKA WJFP VQZFy .Ur SF.r■DVTr ZD .Ur rVE.r■F EQZ?r VFP .Ur 
^VE.F VFP ■VFyr ?■ZBSFTrY ?r■UV?E .Ur UZE. DVUZIE rBrF. ZD 
USE.Z■ST .SFrE SF .Ur QV..r■ ■rySZF 9VE .Ur W^l1 rV■.UHIVMr 
ZF .Ur ZNrFE BVQQrt DVIQ. FrV■ .Ur .ZNFE ZD QZFr ?SFr VFP 
SFPr?rFPrFTrY TVQSDZ■FSVO S. UVE ^rrF rE.SUV.rP .Z UVBr UVP 
V ■STU.r■ 9VyFS.IPr V??■Z!S9V.SFy KOX R■tVQQY r. VfOY Y GL;;A 
VFP QV.r■ ■rBSErP .Z V??■Z!SUV.rSOt KO, RErr V??rFPS! ^OA 
R■tVQQ- GLllA ■VFMSFy S. VE ZFr ZD .Ur y■rV.rE. rV■.UHIVMrE 
rBr■ r!?r■SrFTrP SF .Ur IFS.rP E.V.rEO
S. SEY .UrFY VQZFy .UrEr 9VWZ■ FZ■9VQ DVIQ.E EZ ?■rBVQrF. 
NS.USF .Ur ^VESF VFP ■VFyr ?■ZBSFTr .UV. .Ur VQQIBSVQ DVFE 
V■r DZ■9rPY TZFErHIrF. .Z .Ur DVIQ.EY ^I. EZ ZD.rF .■VFErT.rP 
^t .Ur9O S. SE .USE Br■t ■rQV.SZFEUS? 0 V 9VWZ■ 9ZIF.VSF 









EArnHCWM;Es <RICHTER, :i. 9~i8). liOf, T OF TH[ El..'E rns WITHIN THE
SIERRA NEVADA MOUNTAINS ~IAVE BEEN CONFINED ro THE WESTERN
HINGE AY.IS. THESE EVENTS ARE ASSOCIATED WITH THE CONTINUING
TILTING OF THE 
TREND I NG A:<I ~, 
SJERRI'\ NEVADA liOllNTt'-IJNS (-1LONG THF. NORTH·-SOUTJ 
OH THE IJESTF.RH Sl..l)PF. OF THF. SIERRAS (BENNETT,
1978) ~rn (-1Lm!G TH[ HITERFl'\CF. OF TH[ Er'\STF.R~! SL.on· Mm THE
BASIN ANfJ R:-)NGE PROVHfCE. PERHAPS THI:: MOST FAMOUS F. I.lf.HT OF
HISTORIC TIMES H1 THE LATTER REGION bJAS TH[ 1872 F.(-11=:T QI.IM: E 
0 THE OWENS VAI..LFC Fr,IJL. T NEf.lR TH E TOIJMS OF l..OHE P !NE AND
INDEPENDENCFr CnLIFORNIA, IT HAS BEEN ESTIMATED TO HAVE HAD
A RICHTER M1,m!ITIJDE tiPPRO:<I MA TI NG 8 , 3 <R "f AL L, ET AL . , 1. 966:,
AND LATER REVISED TO (-1f'PR(1>:JliATF.LY 8,(1 (SEE .~r--P .Nnn JL > 
<RYALL, t977) RflNKINO IT AS ONE tlF Tl-IF. GRF.f'lTEST F.ARTHQUA KES
EVER f.Y.F'F.RIF.NCED IN THE llNJTF.D ST~Tf.S, 
IT IS, TIH:H, ALONG Tlff fiE Mf'1 .J1)R NORMf\L FA JL TS SO PREVALENT
WITHIN THE BASIN M!TI RANGE PROVJ.NCF THI\T THF. (-1I .Lll~l Jt'-1L FMIS
ARE FORiif.D, COHSl:.OIJl:NT Tl) THE FAULTS, BUT SfJ OFTH! TRA,·ISF.CTEI1
BY THEli, IT lS THIS VERY REl.ATIONSHJP - A MA J OR MOUNTnJ~
RANGE 811RfJERED BY Mf) ,JOR Nt)Rl-!:'1I_ FA JLTING Ari (• FU":N KH1 !.JI TH · 
REU-1T J VF.I.. Y YOONG Al.l.Ul.1 IflL F M!S - l•!H J CH T.IF.. S CR J BES THE T Hr:: S J S 
T  IS STIJTJ"( THEM BF.CO MES t-lPPLI CABLE THROUGHOUT TH E 
BASJN RMI E PROV rn cE A~D Hr::vnnn IN THAT THE SE 
RF.LAfIONS I PS ARE REPE~TED WITH THIS ARE A MA !Y , MA NY TIME S 






G■FD.LVS BP UH■ UH■MIT rV■r
^UPy !! COQIM P0L■Y■ rYR V■F■YU? CV■lOrQ■ OrDGYULY R■CLMIUM. 
U■VVrF■P rOOEAIrO KrYW rYR C■RID■YU GVrA■OM. IYFOER■M 
OrFEMUVIrY R■CLMIUM IY JrMHL■ ArOO■S. UH■M■ GVrA■OM rV■ 9 
R■■COS J■rUH■V■RW HIGHOS RIMM■FU■R rYR HrA■ T■■Y KrEOU■R rYR 
UIOU■R.
UQ l DILF■Y■1Ct.ILFKY■ HrVUKLVR rMM■DTOrG■. QrU■ C■rQ 
KLVDrPXLY? KOLJM f KOLJ TV■FFIr f UEKK TVrFFIrf DERKOLJ 
TV■FFIrP rGGOLH■VrU■f ALt.FrYXP FLYGOLD■VrU■ rYR rMMLFIrU■R 
IYUVEM;A■M VrYGIYG IY FLDCLMXPXLY KVLD CSVL,■Y■ rYR■MIU■ UL 
VHSLRrFIU■. IYFOER■M IYU■VFrOrU■R M■RID■YUrVS O■YM■M LK 
RIrULDIU■f MHrO■1 -rYRMIiY■f FLYFI.LD■VrU■ rYR JrU■V OrIY 
UEKK.
U- DILF■Y■ HrVUKLVR rMM■DTOrG■. rOUr KLVDrUILY. CSVL,■Y■ 
rYR HLVYTO■YR■ rYR■MIU■ KOLJM1 TV■FFIrM rYR CSVLFOrMIIFM. 
FLDDLYOS CVLCSO If.■R rYR t.LFrOO.S TO■rFH■R. {
Qj57 l FV■UrF■LEM. IYUVEMIA■ U■IUFIUM . EYROKU■V■YUIrU■R 
COEULYIF. VLFQM VrYGIYG KVLD GrTTVL UL GVrYIU■ IY FLDCLMIUILY. 
GVrYLRILVIU■ rYR ^ErVUN DLY,LHUU■ rV■ DLMU rTEYRrYU VLFQ
POTENI USCIFrO GVrYLRILVIU■ IM r H■RtEDlG-rIY■R VLFQ
:
FLYUrIYIYFf tMly- C■VF■YU LErVU;1 <il^i C■VF■YU COrGILFOrM■1 
7^lyi C■VF■YU DIFVLFOIY■ rYR .XLlyi C■VF■YU HLVYTO■YR■ rYR




E(II. OGY OF T [ T ESIS <:REA 
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OTn PU: sroci::NE :-:ND RF.CENT, PRE-·l.AKF. LA:·IOIHOH DEP0 :3TTS,
TERRACF.r ALLIJV:((:L. FM!, M!D PEflJHENT f,AVF.LS, NCLUDES
LACUSTRI Mf OEPOSITS TH WAS OE VAI_LF.Y, Tl-IF.SE i:,RtWEL.S ARE
DEEPLY ~IEf-1THEREDr I LY D SSECTED M!TI AVE B[F.:N FMILTED :1'1!:1
TILTED, 
TK MJOCF.NE/Pl.IOCENE Al-::TForai (-1SSOiBU: E C 
FORMA rt ON, FLOWS, FLOW BRE~CIA, TUFF BRAC~IA, MUDFLO~
BRF.CCJfl r (-1 G QMERATE, Vfll.CM/J C CON LOMERATE M!D i"IS~OC J f-1 TF.11
NTRUSIVES Ri"IN IH H COMPOSITION FRnM PYROXENE ANDESITE TD
R YOflACJTE C H!CLUDFS JNTEF:Cf-1U-1TEI1 SET.I J MENT :RY LENSES or-
[I  fHOM I TE, S ALE, SANDS fONE, CONGLOMERATE AND WA TF.:R I.A IN
TUrF, 
Ta .. i'i OCF.NF AF:TF(lf,:J) M ", SEMf.:U-1DE < ,::!_ T i For-:MAT JClN C PYF;(l ): Ei'ff
. AND :-IIJRNBLENDf. ANDf:SJ.TE FI.Ows~ BREccrns M!D P 'i"RnCLASf CS
COHMmlL Y F'R0f-'YLJ7 ~D lii'!D L Or.f\LL. Y BLEAC ED,
UN ~ RF.NTIATED Ksr1 1:RF.TACEOIJS. NTRUS IV~
F'LUTONJC ROCI\S RM! IN FROl'i AI<FIF:O HJ f,M!ITE JN r:OriF'OS 1 TI Or! .
RANODIORITE AND QUART? MOHZONITE ARE MOST ABUNDANT ROC I\ 
TYF·FS : TYF'JCl'\L F:M!OftJOf-:ITE S A MF.:DttlM·- t:.f-1INET.I ROCI< • 
CO HT A H!I NG  - 2 :'i PF.RC F NT OU ART 7. , 4 1) - 5 •) F-F.: R r; ~MT PL A  IO C 1.(1 SE ,
15 ···2(• F'FRCENT ~iJCF:OCI.JNr (\j-li) i,1 ·- 2 (1 PF.:RCEiH OF:Nf.:t.F.i~f.l[ {-1r!D 
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MAP 2. 
GEOIPGY OF SOUTHERN WASHOE 
COUNTY, NEVADA. AND THE THE-
SIS AREA. (Bonham, 1969). 
NOTE DEISITY OF MAPPED . 
FAULTING IN BOTH THE ALLUV-
IAL DEPOSITION AND THE BED-
RO CK OF THE CA.RSON RANGE TO 
THE SOUTHWEST OF RENO. 








T■FrEM■ UH■ rV■r ??724 ;LY■ LK VrCIR ULCLGVrCHIF UVrYMIUILY 
KVLD MU■■C MOLC■R HLEYUrIHM UL KOrU DrOO■SMP. OIUHLOLGI■M 
JHIFH MCrY HrYS DIOOILYM LK S■rVM rV■ rU LV Y■rV UH■ MEVKrF■. 
UH■ GVrYIUIF HrMM■M LK UH■ FrVMLY VrYG■ J■V■ ■HCOrF■R IY 
OrU■MU 5EVrMMIF rYR FV■UrF■LEM. UH■ FrVMLY VrYG■ COEULYW 
R■MIGYrU■R JMl6 3MC■YGt.■VP ■U rO. W 76f60 ■YFLDCrMM■M ‘<^- 
M^.QD. 37f^ M^.DI.0. IU IM r YLVUHlUV■YRIYG DLEYUrIY TOLFQl 
MCOIUUIYG KVLD UH■ MI■VVr TOLFQ MLEUHEKMU LK UH■ Y■ArRrl 
FrOIKLVYIr TLVR■V4 rYR IM 5EVrMMIF UL OrU■ D■ML;LIF 
GVrYLRILVIU■ rYR ^ErVU; DLY;LYIU■. r V■F■YU KrEOU MFrVC 
Y■rVOS 7- D■U■VM 3<y.M K■■U0 HIGH IM ■,CLM■R rOLYG UH■ 
■rMU■VY DrVGIY LK UH■ CI.EULY r OIUUO■ MLEUH LK UH■ UH■MIM 
rV■r? UH■ LOR■MU VLFQM rV■ UH■ D■UrDLVCHLM■R M■RID■YUM rYR 
ALOFrYIFM. UH■IV LVIGIY IM FLDCO■, rYR IM CVIDrVIOS UH■ 
V■MEOU LK UH■ MI■VVrY 2rUHiI.IUHIF IYUVEMILY. UH■ IYUVEMIA■ 
M■^E■YF■ JrM IY UH■ KLVD LK DrYS MULFQMX MLD■ LK JHIFH 
IYUVER■R C■Y■FLYU■HCLVrY■LEM MULFQM FV■rUIYG 4Y SLEYG■V 
D■Ur;LY■M. VLFQM SLEYG■V UHrY UH■ CI.EULYIFM ifERF. R■CLMII■R 
rM r V■MEOU LK UH■ ALE5DYLEM ALt.FrYIF ■VrW DLMUOS IY UH■ KLVD
LK rFIRIF KtB) VLFQM MEFH rM rYR■MIU■P MLRr UVrFHlUU■; rYR
s
VHSLOIU■ JIUH MLD■ ALt.*7* 3UrTO■ <.0. METM■^E■YU KrEOUIYGy 
GOrFIrUILY rYR? ■VLMILY HrAK COrS■R rY IDCLVUrYU VLO■ IY 
CVLREFIYG UH■ CV■M■YU ULCLGVrCHS. f
.. 
I 
LOC(-11. EOLO C TIEVEL OPMEr!T 
BECAUSE T E AREA ZOHE OF RAP D TOPOORAP IC TRA~S TION 
FROH STEEP SLOPFD OUNTAINS TO Fl.f.lT VAL.LEYS, . L  T OL.O J ES 
W IC  BPAH AH'f ii.tl.L OHS OF YEARS ARE •H OR. NEAR HIE . SURFACE~ 
T E RANIT C MASSES OF T f CARSON RAH E WERE fHPLf.lCED N 
LATEST JURASS C AND CRETACEOUS, T E CARSON RnNOE PLUTON, 
DES GNATED HS-9 - (SPEN LER, ET Al.,r 1979) ENCOMPASSES- 453
SQ.KM, (175 SO.HI,>, T S A NORT -TREND N  nOUHTAIN BLOCK 
SPL TTIN FROH T E S ERRA BLOCK SOUT WFST OF T E NEVnflA·-
CAL FORHI•) BORDER1 AND S .JURASSIC TO 1.fiT~ rtESOZOIC
RnNODIORITE AND QUARTZ tiONZONITE, f.t RECENT FAULT SCARP
NEARLY 13 METERS (42 S ~EET> ~ G S EXPOSED ALON T E
EASTERN MAR IN OF T E PLUTON A L TTLE SOUT OF T E T ESIS
T E OL OEST ROCKS ARF. HIE nETAntJRPHOSF.O· SF.Cl IifftHS AND
VOLCM!ICS. T EIR ORI N S COMPLEX AND JS PR MARILY T E
RESlJL T OF HIE S [ERRf.lH trnHIOI  T G tHRIJS OM. TME NTRUSIVE
SEQUENCE
NTRUDE)) ..... '} 
WAS rn T [ Fnr~ti OF tiAHY STOCKSrzOM · OF lJ IC  
PENECOt'fTE PIJR{.)NEOIJS STOCKS CREATIN E' .H ·toUN ER 
~ETAZOHES. ROCKS YOUN ~R T AN T E P UTOHJCS ERE DEPnSilED f 
AS f) RESULT OF T E VOL.IJiiNOllS VOI.CAIHC l=:R•'l, iiOSTI..Y IH T E FORM 
OF ACinIC Fl OW ROCKS SIJG (-iS f:NiH:SrTE r SODA TRr'iCHYTE r M!D . 
R "fOI. lTE WIT SOii~ 8ASAt. T <T1H<LF. '1, >, SIJ'BSEQIJEHT FAULT ING, 
lhCI ,H ION M!JJ . F.ROS ION A'.1[ f'I. (-i'ffD (11'! I liF'Ornf.tNT ROLE Ii'! 



























M■^E■YF■ LK G■LOLGIF R■A■OLCD■YU








rMH OrS■VM? HLVY■TO■YR■ rYR■MIUIF OrS■Ne-.
rYR■MIUIF KOLJM LK UH■ QrU■ C■rQ KLVDXELY.
MLD■ IYU■VKIYG■VIYG LK UH■ rOUr rYR QrU■ C■rQ IDM.
■,UVEMIA■M l MLRr UVrFHSU■? rYR■MIUIF? VXXSLOIUIF rYR 
TrMrOUIF KOLJM. rOUr KLV.DrUILY.
D■UrALOFrlk.kIFM l rYR■MIU■M. rOUr KLV5.krIIFY.
9
METASEDD,Z:iTS - HORliFELS, SLATES, ARGIII.ES, SCHISTS.
f
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TABLE 4. - ... - .. 
SEQ~CE OF EOLOOIC DEVELOPMENT 
ILDI:1~-G 1.!
~UVIAL u?WAS  
}.{) RAI~  




LATEST BASALTIC FLOWS. 
AS  LAYERS, ORNEBLENDE ANDESITIC LAE?.3. 
ANDESITIC FLOWS OF T E KATE P~ FORM,~_:·ION . 
SOME NTEP.F N ER N OF T E ALTA AND K. \3 PEAK FMS. 
EXTRUSIVES - SODA TRAC YTE, ANDESITIC, ?.0-YOL TJ 
BASALTIC FLOWS. ALTA FOP :'lAT ON. 
MET V LCA~:Ics - ANDESITES. ALTA FOID~!,.: DN . 
DD,:::Jfi' !i l I. RGI :.I :·  
 
PLUTONICS - ORNEBLENDE B OT TE RANOD::~ TES, RANITES
QUARTZ MONZONITES. 
44 
THF. nOHINATlNG BF.OLGRY OF THF. THESIS AREA IS» Or COliRSF.. THE
AIJJJVTUH OF THE FAN COnPLEX. THIS Al.UJVIUH HAS A I.GNO AND
l l
FLDCO■, HIMULVS rt.LYG UH■ J■MU■VY DrVGIY LK UH■ UVEFQ■■ 
D■rRLJM ■,U■YRIYG IY54H■ KVLD ■rVOS ^ErU■VYrVS rYR IYUL UH■ 
HLOLF■Y■. KrEOU■R GVrA■OM rV■ CLMMITOS LK JIMFLYMIY5rY rG■ 
3TIYGO■VP 76f^0. KrEOUIYG IM SLEYG■V UHrY CO■IMULF■Y■ IY UH■ 
UH■MIM rV■r 5UV■,O■VW 76f2y HrC 7.0. r K■J QIOLD■U■VM YLVUH 
LK UH■ rV■rN UH■ KrY FLDCO■, IM RIMM■FU■R TS ■VLMILY rYR 
R■A■OLCD■YU VLrRM IY MLEUHJ■MU V■YL. UH■M■ FEUM HrA■ ■,CLM■R 
UH■ MUVEFUEV■ LK UH■ KrY FLDCO■, rYR MHLJ LOR■V C■RID■YU 
MEVKrF■M rYR KrY GVrA■OM rM UHIY AKY■■VM LK DLR■VrU■OS UL 
CLLVOS MLVU■R D■RIED C■TTO■ UL FLTTO■ GVrA■O? UH■M■ GVrA■O 
R■CLMIUM J■V■ CVLTrTOS KLVD■R REVIYG UOt.tYLIrY UID■ 5RLYY■V 
OrQ■ GOrFIrUILY0 TS Dr5LV DLEYUrIY KVLYU MUV■rDM UHrU V■rFH■R 
UH■ J■MU■VY ■RG■ LK UH■ UVEFQK■ D■rRLJM rYR UVrYMCLVU■R 
R■TVIM KVLD rOCIY■ GrOFIrO ■YAIVLYD■YUM HIGH IY UH■ FrVMLY 
VrYG■ 3TIYLO■VP 76f^0.
?’k ?
IY UH■ YLVUH■VY CrVU LK UH■ UH■MIM rV■rN UHLDrM rYR JHIU■M 
FV■■Q GVrA■OM rV■ R■CLMIU■R RIMFLDKLVHrTI.S LA■V Ct1tIMULF■Y■ 
rOOEAIrO KrY R■CLMIUMN rYR rV■ IY CrVU LA■VOrIY nyX PNVrA■OM LK 
JIMFLYMIYIrY rF■. UH■M■ R■CLMIUM rV■ OrVG■OS LK TVLJY UL
TVLJYtMHlGVrSP CLLVOS MLVU■R. DERRS MrYRS C■TTO■ GVrA■OM.
‘ Z
FLTTO■M rYR MDrOO TLEOR■VMN rV■ FLDDLY IY UH■ R■■COS J■rUH■V■R 
GVrYLRILVIU■ rYR ^ErVUf DiYfiYIU■ TLEOR■VM 3TIYGO■V. 76f^0. 
UH■ KrY MOLC■M rV■ MU■■C rYR TIDGO■V 376f^0 MI4G■MUM CLMMITOS 
r U■FULYIF LA■VMU■■C■YIYG. CLMMITO■ U■FULYIF UIOUIYG LK UH■ 




T E D iilNl'Hl  GEOLOGY f T [ T ESI  (1 EA ,:i: r !1F COlJF: ., T E 
l.U 1JIIJ  F T:-!E FAH Oi'iPLE:<, I  l..lJl) IJii   I.IJNG D -· conr~tn: ISTORY f.ll.Of-!G THE l ESTERN Hf-iR JN Of THE TRIJCK EE 
HF.AllOWS 
OLOCENE. 
riF. FRflrl EARLY !.W!-\TF.RNARY AHD nrrn T E 
FAULTED R,Wl:LS ARE" POSSIBLY Qf WJSCONSINrnN (-i E 
(BINGLER, 1975), FAULT NG S YfJUNHER HIAH PLEISTOCENE HI T E 
T ESIS AREA (TREXLER, 19781 AP 1,), A FEM Kll. HETERS NOkT
OF T E AREA, T E FAH COMPLEX S O SSECTED BY EROS ON AND 
DEVELOPHENT ROADS. rn S!1lJT WEST RENO• T ESE CUTS l:Vf E>:i='OSETJ 
T E STRUCTURE OF T E FAH COiiPLEX AND S O~ OLDER PED MENT
SUF:Ff-iCES (-1Hll FAN RAVELS f-tS T H! VtNEERS OF liOJJEr<ATELY TC1 
POORLY SORTED i'IE:OIUii PEBBLE TO COBBL.F.: RAVEL, T E~~!:: uRA 1JEL
DEPOSJTS WERE PROBABLY FORHED ftllRHI JLl.H!OJhN Tllii: <TJOHi-lEF;
LAKE I_ACIATIOH) BY HAJOR HOIJNTAIH FRONT STREAMS T AT REAC ED
T E lJF.STERN F.DC,C:' Of T E TRUCKEE tiEf.lT.IOWS ANT.I TR!'lr!SF'(t1nEI1
DEBRIS FROl'i (-ii.PINE AI..CIAL F.l'H JRONHENTS I JN T E Cf-ir::SfH!
RnNOE <BINGLER, 1975). 
N · T E: NORT ERN PART Of T E T ESIS AF.Eth T OMAS h!D H ITES 
CREEK >JRAVF.I.S ARC tiEPOS tT E~ D t ~C~NFtlRMA Bl: y C''.E~-:.:1:: T ocrnE 
ALL.lJVJAL FM! DF.POSJTSr M!T.I (-if,F. JN FART OVF.F,U-ilN ,::r:,r,\.ELS Of 
WISCONSINIAH AGE, T !::~1E OF.POSIT ~, ARF.: LAR EL"f OF BROWN TO 
BROWH I SH- R(~ Yr P0!1f: l. Y SDRTFD r i'iUDi.lY · SMHIY PEFIBLF r-,,WF.:L S, 
C088LES ANT.I Si'IAll. 801Jl.DER~ ARE COi'IMGH HI Tl-IF.: DEF.Pl. '( WE (i T ERED 
. 
RM!OnJORITE AHD CHIAIH7. 1-iONZOr!ITE F!OlJL.DERS OHN L.F.R s 19'75) • 
HIE FAN SLOPES ARF. STEEP ANti BIN LER < 1975) SIJf, G:-~inS F·,jSSIBL'f . 
A TECTCH!IC Ol.1F.F:STF.EPF.NH1G. POSSHLE TE.CT!:fr!J C TJ.LTii'! G o:~ T E 





y.f6 UL -?i- 0IOOULY S■rVM‘ Ct.ILlCO■IMULF■Y■ IY rL■? UH■ 
UH■VHrIl rFUIAIUSW UH■YP rOUHLEGH CLMMITOS IYU■VDIUU■YUP YrS 
T■ rM LOR rM y 71y DIOOILY S■rVM 3JHIU■y ■U rO?W 76r<5 
MIOT■VHrYP ■U rO.y44546‘. JIUHIY UH■ UH■MIM rV■r CVLC■V? 
MLEUH LK UH■ DLEYU VLM■ HIGHJrS? IMLUH■VDM MHLJ r R■AIrUILY 
KVLD i UL 7i. YLVUH LK UH■ HIGHJrS UH■ IMLUH■VD R■AIrUILY IT 
i LV O■MM? UHEM O■rRIYG UL UH■ LTAILEM FLYFOEMILY UHrU UH■ 
G■LUH■VDrO CLU■YUIrO IY UH■ UH■M■M rV■r IM YIO 5TrU■YrY rYR 
MFH■ITrFH? 76f^0? UH■? DrIY G■LUH■VDrO rFUIAIUS IM IY UH■ 
MU■rDTLrU HIOOM Y■rV MU■rDTLrU MCVIYGM? Y■ArRr? rMMLFIrU■R 
DIY■VrOM JIUH UH■ HLU MCVIYGM rFUIAIUS rV■ MIOIF■LEM MIYU■V? 
FIYYrTrV? MUITYIU■? D■VFEVS? rYR FLCC■V. JrU■V U■DC■VrUEV■M 
rV■ HIGH Y■rV UH■ MEVKrF■? 7-2 R■GV■■M F■YtIGVrR■ rU <6 
D■U■VM 3trL K■■U0? FrEMIYG UH■l MU■rD G■SM■V rFUIAIUS. 
rFFLVRIYG UL TrU■DrY rYR MFH■ITrFH 376f^0? UH■ FLLOIYG 
DrGDrUIF TLRS rU R■CUH 3M■■.& MIOT■VDrY? ■U rO.?76f60 IM 
FHrVG■R JIUH D■U■LVIF JrU■V UL CVLREF■ UH■ HSRVLUH■VDrO 
rFUIAIUS.
OLFrOOS I JIUHIY UH■ UH■MIM rV■r? M■IMDIF rFUIAIUS IM
FLYUIYEIYG. r YlM FVrTKY RLDIYrU■M UH■ MUVEFUEV4DLVCHLOLGS 
rYR ULCLGVrCHS 3KIGEV■M y.? ^. rYR CHLULHrC0. rOUHLEGD UH■ 
MI■VVrY KVLYUrO KrEOU MFrVC rU UH■ ■rMU■VY TLEYRrVS LK UH■ 
FrVMLYZ VrYG■ IM YLU VTm4RIOS ■AIR■YU rU UHIM OLFrOIUS? 
UHVLEGHLEU UH■ TrMIY rYR VrYG■ CVLAIYF■ :VrT■Y FLDCO■,■M MEFH 
rM UHIM FLHHLYt.S KLVD +RLJY lKrYZ KVLD 4 OrVG■ KrEOUM. 
CVIDrVIOS UH■ V■MEOU LK MHrQIYG rYR FLDCrFCILD LK UH■ KrY 





2 79 TO 3,0:-, iiILL.lOH YEARS, Pl.IO ··PLEIST.Or.ENE HI AIJE, T E 
T ERMAL nCT VJT'ir T ENr (-\LTHOLl(HI F-OSSU(L'i INTERii TTENTr ~iAY 
BE AS OLD AS 2 1/2 i'ltl.LION YEARS <W ITE, ET AL,, rcf ,H;
SILBERiiAN, 
SOIJT  OF 
E"T AL., 3 >, WIT N T E T ESJS nRE(i F'ROPF.R, 
T E HOIJNT ROSE  tGHWAY, ISOTUERiiS SHOI~ ft DEV flT  ON 
FROH OTO 10, NORT  OF T E GHWAY T E SOT~ERH DEVIAT ON JS
0 OR LESS, T US L.EA[I N  TO Tl-IE 08lJ OllS COMCLIJS ON T flT T E 
EOT ERnAL POTENTIAL JH T E T ESES AREA JS N L. CBATEHA~ AND 
SC EIBAC , 1975), T E HAIN EOT ERHAL ACTIV TY S N T E 
STfAnROAT ILLS NEA~ STEAnBOAT SPR N Sr NEVADA. ASSOCinTED
MINERALS i,,JIT  T E OT SPR N S ACTtl)lTY ARE S UGEOUS SH!TER,
C NNnRAR, STJRHITE, nfRCURYr ANn COPPER, WATER TF.HPF.RnTLIRES
ARE NEAR T E SURFACE, 138 DE REES CENrIGRADE AT 49
METERS (160 FEET>, CAUS I N  T E . STEAH 6f'iSER ACTIVITY,
ACGORO I N TO BATEHMI AN)) SC E I8'4C C 1975) , TIIE COOU N
HA l'iAT1C BOIIY (H . flF.F'T  CSEE: SJ,U.!ERnAt!r F.T (:L. rl979) S
C AR ED WIT riE:-TEORIC W:''lTER TO PROOIJCE: T E YDROT ERMAL
ACTH1JTY. 
LOCAU.Yr ~!Jl H! T E T ESIS (iREA, SEJ5n G (iC ~ l..•HY S 
CONTINUING, {'I 1'1-S GRf.lnF.N DOMINATES TME STRIJCTIJR ~ ORPUGLO Y [ 
AND TOPO F:AP Y CF J Lirff::s 2, , 5. M!D P OTOiiAP), (-\L T OtJ li T E
S IERRAH FRONT \L. FAULT SCARP f\T TME EASTERN BGUNBA~·Y OF T E 
CAF:501'! R ":NGE JS NOT R&MJJL.Y EVJ[IENT fiT T IS LOCALHY, 
T ROIJ MOUT TtlE BASIN AND ~AN E PROVINCE GRABEN COiiPL.E:XfS SUC  
AS T IS GOiiliOr!L Y FOr-:ii • fJOIJi'! ·-F M! • FROli ( LM:GE Fhl.lL.TS. 
PRJ:HARtl.·( Hlf Rt=-:: SIJL.T OF S Ai\IN  MID COiiPACJ"ION OF T E FA N 
Rn\lELS BY F.M:THQUM:F.s' T ESE F:M:F.)!S S[,ii[T Hi[S rn RH TL y 
-I-:
I"
RECOIFrU■ METMEVKrF■ RIMCt.rF■H■YU LK KrEOU■R T■RVLFQ 3Ert.Q■V 
rYR UVK,O■VP 56ff0? MIYF■ UHIM GVr■■Y MIVEFUEV■ IM ■AIR■YU 
rU UH■ MEVKrF■1 UH■ RrUIYG LK rYS MC■FIKIF M■IMHIF ■E■HU. IM 
IDCLMMITO■ ■,F■CU KLV UH■ KrFU UHrU M■A■VrO DIOR ■A■YUM1 
VIFHU■V DrGYIUER■M DtC4O■MM UHrY rTLEU -.i 3M■■ ^ rCC■YRI, 
T.0P HrA■ LFFEVV■R JIUHIY UH■ UH■MIM r■r REVIYG UH■ JVIUIYG 
LK UHIM CrC■V. LY■ MEFH rFUErO M■IMDLGVrCH LK rY ■rVUH^ErQ■ 
JHIFH LFFEVV■R IY UH■ rV■r rU if^6 G.D.U.? K■TVErVS 72; 76f^ 







DUf'LtCl'lTE SIJ8SIJRFACE OtSPL.ACEr!EHT 017 FAULTED BEDROCK (IJ !\LK ER 
AND TREXLF.Rr 1977). SIHCE T S RABEN SlRUCT RE IS EV UF.NT 
AT THI:. SURFACE, T E DfHING OF · AMY SPECIF C SE S C E1JEI-H , S
IHPOSSIRLF. EXCfPT FOR T E FACT T AT SEVERAL H LD EVENTS, 
R CHTER HA NITUDES T AN A'80llT 3 •) CSEE: A_PPF.ND X 
B.)r AVE OCCURRED WIT N T E T ESIS AF.A DUR N  T E WRIT N  
OF T IS PAPER, OME St/CH ACTUAL SF.tSHOGRAP  OF AN EARH!QUAKE 
W IC  OCCURRED N T E ~RfA ~T 0759 .H,T,r FEBRUARY 1Br 1975




M■FU I LQ X0.









5E CT 0H HI. 
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UH■ G■LOLGIF Hr;rVRM LK CVIHrVS FLYF■VY IY UH■ UH■MIM rMIr 
rV■ ■rVUHLt5rQ■P KOrMH KOLLR rYR OrYRMOIR■ ICVIHrVIOS 
OLFrOI;■R MOLC■. IbJP4IOIUS0 . IY UHIM M■FUILYP U■,U rP5ZR 
IOOEMUVrUILY JIOO V■ CV■M■YU■R KLV ■rFH Hr;rVR JIUH V■MC■FU 
UL R■REFU■R rYR HIMULVIFrOOS V■FLVR■R ■A■YUM.
■rVUH^ErQ■ VIMQM UH■ CVLTrVIOIUS UHrU MLFIrO rYR ■FLYLHIF 
FLYM■^E■YF■M LK ■rVUH^ErQ■M f ■,CV■MM■R IY RLOOrVM FM 
FrMErOUI■MP JIOO ■^ErO LV ■,F■■R MC■FIKI■R ArOE■M rU r MIU■ 




■rVUH^ErQ■ Hr;rVR« UH■ CVLTrVIOIUS UHrU YrUEVrO ■A■YUM 
rFFLHCrYIYG rY ■rVUH^ErQ■ MEFH rM GVLEYR MHrQIYGN LVLEPlIk 
KrIOEV■N MEVKrF■ KrEOUIYG 3VECUEV■0P U■FULYIF V■KLVDrUILY rCV 
IYEYRrUILYN JHIFH DrS FrEM■ RrDrG■ LV OLMM LK OIK■N HIOO 





UH■ MrD■ OLGIF IY R■KIYIYG VIMQ rYR Hr;rVR JIUH V■MC■FU #_ 
KOLLRIYGN KOrMH KOLLRIYG4 trYRMt.IRUYGN MECMXR■YFbN ■UF.N YlS 
T■ rCCOI■R? UHIM M■FUILY JIOO RKMFVOT■ rYR IOOEMUVrU■ UHLm■ 
CLU■YUIrO Hr;rVRM JIUHIY UH■ UH■MIM rV■r UHrU HrA■ IY Ul■ 
CrMU LV FLEOR IY UH■ KEUEV■ FrEM■ M■VILEM RrDrtt■ LV OLMM Fk 
OIK■. UH■ V■GILYrO G■LOLGS LK J■MlU■VY Y■ArRr rYR ■rMU■VY
),; 
.. -.... 
L I~ ~  
/ 
T E EOLO IC Mf'\ZARDS OF PRIMAR"f CONCERN HI Tiff T l:.8IS .. -~A 
ARE F.ART CHJAKF. r FLOOD ?~NTJ LM!TJSL.J JJE ( f'RHiAR  i_ Y. 
LOCALIZED SLOPE H T IS SEr.T OH, TEXT 
LLIJSTRATlON WILL ~f. PRESENTFD ·FOR EAC  AZARD WIT  RESP~CT
TO DEDUCTEO AHO STOR CALLY RECORDED EVENTS. 
EART QUAKE R SK: T E PROBABIL TY T AT socrn1. M!iJ f.COr!Oii: C
COH5F.OUENCES OF EART QIJAKF.S1 EXPRESSED H DOLLARS C~
CASIJAI.TJESr WILL. F.QLIAL. OR F.>:CEHI SPEClFJED W-1LUES f-1T A S TE
DURIN A SPF.CIFlED EXPOSURE TlME. 
EART QUAKE AZA~D: T E F~ROkAFIJ LJ TY T AT NATUR~L E~'Elfi S
ACCOMPANIN AN l:.ART QIJAK!:: SUC M, ROUND S AKIN 1 GP.ou ·;r,
FAILURE, SIJRF(-1CE FAULT IN < RUf'TUf-:E > r TECTf.ti'lIC f1F.FORn?:TlOr! 1'1 : fl
NUNDATIOH7 WHIC MAY CAUSE DAMA E OR LOSS OF LIFE, IL~
OCCUR AT (-1 S TE DURIN (-1 SPF.CH IETI n:POSLIRE TlnE ( AY~' 
19fl ). 
SEJS!iJCll Y ) 
T E SAME I. OGIC IN DEFININ  RISK AND AZARD WIT RESPECT 7~ 
FLOOTJ:rNGr Fl.AS  Fl.OODHWr lM!ItSL. JHN r SIJBStDENCl:.r ETC.r ~1 - ·f• 
BE APPLN:f.l, T IS SECTION \Hl.l. OESC:R CBF. ANO lLUJSTRtHE T u :: 
POTENTI~I. AZnRDS WIT IN T E T E~JS AREA T AT AVE JN T-E 
( 
PAST OR GOIJL.D HI TME FUTURE CAUSE SERlOllS BAMAl1F. OR l.fJ SS ,: ::-
LIFF.: • T E Rf O~!AI. [CILO Y Of WES-TERN NEVM)A MHI E(-1S H.::: ~! 
TVQSDZ■FSV UVBr V UZE. SM?ff■.VF. ?V■. SF yrFr■V.SFZ .Ur 
PrET■S?.SZF VFP; .UIE; IFPr■E.VFPSFy .Ur .■Ir FV.I■r ZD .Ur 
yrZQZyST UV<V■PE .UV. r!SE. SF .Ur .UrESE V■rVO ■rySZFVQ 
yrZQZyt NSQQ .Ur■rDJ ^r IErP r!.rFESBrQt SF ■rDr■rFTr VFP 
VE PV.V^ NUSTU SE SF S.ErQD PrET■S?.SBr ZD .Ur .UrESE V■rVO
.Ur TVQTIQV.DP; Z■ TZU?Qr.rSOt SyFZ■rP ■SEM SFBZQBrP SF 
PrBrQZ?SFy QVFP V■rVE NUr■r VFt FI9^r■ ZD ?Z.rF.SVQ yrZQZyST 
UV<V■PE r!SE. UVE ^rTZ9r VF S9?Z■.VF. DVT.Z■ .Z TZFESPr■ SF 
QVFP IEr rBVQIV.SZF VFP ?QVFFSFy SF ■rTrF. trV■EO rBVQIV.SFy 
■SEM SE Br■t S9?Z■.VF. SF .UV. VF ZBr■0rE.S9V.SZF ZD .Ur ■SEM 
9Vt TI■.VSQ PrBrQZ?9rF. .Z V QrBrQ NUr■r r!SE.SFy ?■Z?r■.t 
BVQIrE UVt VT.IVQQt ^r VPBr■ErQt VDDrT.rPO VFP; QSMrU.^r; VF 
IFPr■0rE.SUV.5ZF ZD .Ur O ■SEM UVt QrVP .Z V ?ZEES^Qt 
TV.VE.■Z?UST QZEE ZD ?■Z?r■.t Z■ QSDrO
V 9VWZ■ ^QZTM SF TZFBrtSFy .Z .Ur QVt9VF .Ur ■rVQ BVQIr ZD 
■SEM rBVQIV.SZF UVE ^rrF TZUUIFSTV.SZF: .UV. W^; .Z E.V.r 
.Ur ■SEM SF .r■9E .UV. .Ur QVt9VF SE V^Qr .Z IFPr■E.VFP VFP 
V??QtO V yrZQZySE. UVt E.V.r .Ur ErSE9ST ■SEM ik2D V ySBrF 
V■rV SF .r■9E ZD UZN E.■ZFy VF rV■.UHIVMr SE 4<5?rT.rP .Z ^r ^ 
VFP UZN ZD.rF; .Ur 9VyFS.IPr VFP .Ur ■r.I■F ?r■SZPO SD
.Ur r!?rT.rP 9VyFS.IPr .E; EVt; 906 C G-1 VFP .Ur ■r.I■F 
?r■SZP SE5 ^Vt; 1,, BrV■E; .Ur■r SE; .Z .Ur ^rZQZySEf; FZ 
HIrE.SZF ZD .Ur ■SEMO S. TVF ^r V E.■ZFyr■ rV■.UHIVMr; Z■ V 
NrVMr■ ZFr; Z■ FZFr V. VQQO S. TVF UV??rF JBr■t 1,, trV■EO
Z■ .NSTr SF ZFr NrrMO Z■ FZ. V. VQQO ^I. .Ur ■SEM SE; SF 
DVT.; PrDSFrPO .Ur SVFPZIFr■ SF .UrPOTEN V■rV ErrE USE QSDr
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CALIFORNIA HAVE A MOST IHPORTAHT PART tN GENERATING THE 
DESCRIPTIOtl MHlr THUSr Ui'Wf.RSTANT.IJNG THE TRU£: Nf-iTtmF. OF THE 
GEOLOGIC HAZARDS TH~H EXIST HI HIE THESIS AREA, REG o· AL 
GEOLOGY WILL BE llSEfl F.Y TF.NSJVELY IN REFERF."'Cf:" M•m 
AS .DAH'11 WHICH IS tH ITSELF DESCRIPTIVE OF . THF. THESIS AREA. 
THE CALCllLATEDr OR COliPLETELY IGNORED RISK INVOLVED IN
DEVELOPING LANO AREAS WHERE AHY NUMBER OF POTENTIAL GEOI.OGIC
HAZARDS EXIST HAS BECOHE AN JliPORTANT FACTOR TO CONSIDER IN
LAND USE EVALUATION AND PLANNING IN RECENT YEARS, EVALUATir-!G
RISK IS VERY JliPO~TANT IN THAT AN OVER-ESTiliATION OF THE RISK
HAY CURTAIL. Dl::VEL.OPiiF.HT ff) :, LE'JEL WHERE EXISTING PROPERTY
VALUES HAY hCTLIALL Y flf. AJWERSEL Y (.fffECTETJ • f-itlD r LI KEl,!J SE r rH!
UNDER·-EST I HAT I OH OF THE·~ RISK - HnY LEAD TO A POSSIBLY
CATf.1STROPHIC LOSS or PROPERTY OR I. :tFE • 
A rlAJOR BLOCK HI CONlJEYING TO HIE U.YfMAN THE REAL VALUE OF
RISK F.VALIJATJON HAS BEf.N COlilillHICATJOtH THAT JSr HJ SHnE 
THE RISK IN TERnS THFH TH~ UYfi'iAN tS AF.IL.I:: TIJ UNDERSTAND Ar-ID
APPLY.
AREA IN 
A GEOLOGIS1 liAY SH-1TE THE SEISMIC RISK )w f-1 GlVO! 
TERMS OF HOM STRONG AN EARTHQUAKE ts ~CTED TO BE 1 
AN HOW OFTEN, i,e,J THE liAGNITUPE ANT.I THE . RETURN PERIOD, IF 
THE EXPF.CTEO MAGHJ:TUDE ts, Sf~-(, M. :-: 5 1/2 AND TIIF. RF.TURN
PERiflfl JSr SAYr 200 )if.ARSr THERE ISr TO THE 6EOLOGlSl r t!O
QUEST toH OF THI: Rt SK, 1:T CAH Bl=.: A STRONGER EARTHQUAKE, OR A 
IJEM:F.R · ONE, , or-: NONE fH f.11.L, IT GAtl HAPPEN f VERY 20(• YEM-:S, 
OR T!HCF. HI O~!F. WE-F.i\, OR NtH fH AU., BUT THE RISK IS, IN 






.Ur■r SF .r■FE ZD EPMr.USFy QrEE .UVF lC trV■EO USE ■rVT.SZF 
.Z .Ur E.V.rP ■SEM SE EZUrNUV. SF HIrE.SZFO UrU^r■E ZD .Ur 
QZTVQ ?QVFFSFy ^ZV■PE V■r SF .Ur IFTZUDZ■.V^QOr ?ZES.SZF ZD 
9VMSFy .Ur PrTSESTUJZF UZI Tr■.VSF QVFP V■rVE 3USQfO ?r 
PrBrQZ?rZ; Z■ Er. VESPrO ^I. .Ur UV<V■P 9IE. ^r PrVQ. NS.U 
^VErP ZF .Ur ^rE. rBVQIV.SZF ZD .Ur VBVSQV^Qr PV.VO VFt 
PrTSESZF ^VErP ZF ?ZQS.STVQ ?■rEEI■rE Z■ VFt PrTSESZF FZ. 
IAELt. *7 )*A7N dhSOASFR*7 *4 NSFS 5O*hRNdN 0n r!.rFESBr
E.IPSrE UVt NrQQ ^r V T■rV.r■ ■SEM .UVF .Ur ?Z.rF.SVQ UV<V■P 
^rSFy TZFESPr■rPO .Ur rBVQIV.SZF ZD V UV<V■P; .Ur ■SEM VFP 
.Ur 9S.SyV.SFy ■rTZ99rFPV.SZFE ZD .Ur E.IPt NUSTU V■r FZ. 
.VMrF Er■SZIEQt VFP V??QSrP .Z .Ur V■rV V■r NZ■.U FZ.USFyO
QVFP IEr ?QVFFSFy SF .Ur FrSyU^Z■SFy E.V.r ZD TVQSDZ■FSV UVE 
^rrF TZI?QrP NS.U 9VFPV.Z■t 0yrZQZyST UV<V■P E.IPSrEi ^t .Ur 
VQHI.E. 0 ?■SZfOZ VT.l VE V9rFPrP RTZ‘y: GLlC) O .USE VT. 
■rHIS■rE E?rTSVQ UV<V■P E.IPSrE NS.USF ,Os M9 I-s.U 9SQrA 
VQZFy DVIQ.E PrESyFV.rP VE UV<V■PZIE <ZFrEY .USE 9SFS9I9 
PSE.VFTr UVt ^r r!.rFPrP SD .Ur E.V.r yrZQZySE. Prr9E S. 
FrTrEEV■tO V TZ9?■rUrFESBr QV9 ■rHIS■SFy EITjE.IPSrE SF 
FrBVPV VFP rE?rTSVQQt NrE.r■F FrBVPV SE QVD!JFyO NrE.r■F 7 
FrBVPV VFP NrE.r■F TVQSDZ■FSV EUV■r .Ur EV9r EM.EU.T lO,FV.S,F 
RDSyI■r LOAO Tr■.VSFQtO SF FrBVPVO ?■SBV.r ■rESSerFTDE VFPO 
TZFTrSBV^QtO ?I^QST ^I5fOPSFyE EITU VE ETUZZQEO UZE?S.VQEO 
DS■r ?■Z.rT.SZF E.V.SZFEO Z■ yZBr■F9rF. ^ISQPSFyE TZIQP ^r 
r■rT.rP ZF Z■ FrV■ DVIQ.E NUSTU UVBr FZ. t&. ^rrF ?■ZBrF .Z 
^r VT.SBr Z■ SFVT.SBrO SF FrBVPVO S. SE ^VESTVQQt .Ur 
■rE?ZFES^SQS.t ZD .Ur QVFPZNFr■ .Z rFQSyU.rF US9ErQD
.... 
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THERE HI TERH~:; OF SOiiETHING LESS HIAtl 75 YEARS, HIS REACTION 
TO THE SHflED RISK JS SOliHHIAT IN (WESTION, tiEnBERS OF THE 
LOC(lL PL.I\NHING BOARDS ARE HI HIE IJNCOiiFORTABL.E POStT 10H OF 
HAI\JNG THE DECJSI~ ~! HOW CERTAIN LAND AREAS ' WILL BE 
DEVELOPED, OR SET AS !OF.. 8UT TME HAZARD HUST BF. DEALT IJITH
BASED OH THE BEST EVALUATION OF THE AVAILABLE DATA. ANY 
DECIStOH BASED OH POLJ.TI·CAL. PRESSURES OR AHY 01:.CtStOH NOT 
B SED OH SOUND EVALUATJOH OF DATA PROVIDED BY EXTENSIVE 
STUDIES i'bYf WELL BE f) GRE~HF.:R RISK HIAH TIii; POTEtHIAL HAZARD
BEING CONSIDERED. THE EVAL.UATIOH OF A HAZARDr THE RJS~ AND 
HIE HITtGATING RECOHHENJ):HIONS OF T F. STIJOY WHICH ARE NOT
TM:EN SERIOtJSI. Y AHD APPLJFTJ TO THE AREA ARE 1-!0FnH NOTHING. 
LAND JSE PL.l'\NHtNG IH HIE t6H80R1NG STATE tJF CAL 'iFORNI,~ HAS
BEEN COUPLED ~IJTH liAHDATORY . "GEOLOGIC HAZM<D STLlfllES" BY THE
ALtllJtsT PRIOLO ACT, f\~1 AHF.NOED < COHG, 1975 >, THIS ACT
RE<HHRES SPFCJM. HAZAFm STUDIES ~llTHJN c,, 4 l\n 0/1\TH i'iJLF.:)




BE ~>:TF.NTJEn JF TH[ -s~·(\TE GE"O:zl06lST DEEMS JT 
f) COHPRElffNS t 1JE LA~J REO. J tR ING SUCH ST Uri !ES rn
ESF'ECJALL Y ~!ESTERN NEVADA JS U~ ' ING. WESTEFd'! ( 
NEVAOA AND WESTERN CALCFtJRNtA SHARE THE SAHE SEtSHIC Z NATION 
CFJGUr-:F. 9,) , r.ERH: !NL. Y, IN NEIJATIA r PR I Vfl TE F; l IIF.NCFS M!II, 
CONCEIVABLY 7 P JF.!LT.C su,utINGS SUCH AS SCHOOLS 7 HOSP HALS' 
FIRE PROTECTlOH STfHIM!Sr OH f,01,!ERNHENT BlJJLDHrnS COlJl.[1 BF 
ERi::f;TE[.- ON OR NEAR FAULTS IJHtr.H HAVE NOT Y(JT BF.EN PROVEN . TO 
BE (\ClJVE OR H!riCTIVE , rn NF:VAT.1(1r J:T IS BASH-ALLY THE 









FRYFHVYIYG rQS HyX;rVCU« JHIF■ JrS ■,IMU i‘ LV V■rV UH■ 
CVLC■VUS JHIFH H■ LJYM LV IM FLYMUL■VUYG KLV CEVFHrM■. IM 
UH■ kTES■V T■JrV■Z CVIYFICO■ M■YMITO■ JH■V■ OIK■ rYR CVLC■VUS 
IM rU MUrQ■N UHIM DrS?T■ UH■ FrM■ IY UH■ UH■MIM rV■r..
NEANNAdAPOh S.ON OFR450 S.N TnDTDNEB . JArUA*’sJ NEPSDB Dp
R■U■VDIYIYG UH■ M■IMDIFIUS LK rYS FX;A■Y rV■r.
7. R■U■VDIY■ UH■ RrU■ LK LFFEVV■YF■ LK ■rFH CrMU ■A■YU.
y. R■U■VDIY■ UH■ ■CUF■YUVrO IYU■YMIUSy LeGP KLV CLMU 76-- 
■EKYUMP UH■ HrGYIUER■ 3D0.
-. R■U■VDIY■ UH■ ■CIF■YU■V rYR UH■ HSCLF■YU■V.
<. FLYMUVEFU KCIF■YUVrO HrCM MHLJIYG UH■ ■CIF■YU■VM LK rOO 
V■CLVU■R ■rVUH^ErQ■M JIUHIY rY -i QD 3^i DIO■0 VrRIEM LK UH■ 
MIU■ rYR rOO ■rVUH^ErQ■M JIUH DLRIKI■R H■VFrOOI IYU■YMIUI■M 
3IXW"0 3M■■ rCC■YRI, T.0 ■^ErO. UL LV GV■rU■V UHrY A JIUHIY r 
-yi QD 3762 DIO■0 VrRIEM LK UH■ MIU■.
^. R■U■VDIY■ rY rKU■VMHLFQ ;LY■ LK HIMULVIF ■rVUH^ErQ■M.
:. FLVV■OrU■ UH■ ■CXFK.YUVrO OLFrUILYM rYR U■FULYIF MUVEFUEV■ 
5-K. UH■ rV■r.
f. R■U■VDIY■ UH■ KV■^E■YFS 3V■UEVY C■VILR0 LK uD,EVV■YF■ KLV 4 
■rVUH^ErQ■M LK ArVILEM DrGYIUER■M LV ■CIF■YUVrO IYU■HMIUI■My 
*c’eP R■U■VDIY■ UH■ V■FEVV■YF■ yEVA■M EMIYG UH■ KLVDEOr =
OB- Y3D0 l -l“D
m
f
JH■V■ Y IM UH■ YEDT■V LK KrVUHLk5rQK LFFEVV■YF■M JIUHIY UH■ 




. CORCF.:RtffN6 "M'l'f - A7.t'\P.Tl'B IJB CH nA,.. E>:l~-T O~i 01< NE°f.lR THF. 
PROPERTY W IC  i:.· L . OWHS OR IB COHSIOERING FOR PURC nSE, IS 
T E ·BUYFR BF.WARF." PR NC PLE SENS BLE W ERE L FE nND PRO ~F.~ TY 
S rH STAKE? T S ~ T E CM,E: tH TIIE T ES S AREA •. 
S ISHICJTY: HAYS (J980) HAS PROPOS D A "BY-STEP" M THOD OF 
DETERHtH N  T E SE S C TY OF ANY 61VEH AREA. 
1. DETERHINE T E DATF OF OCCURRENCE OF EAC  PASl EVENT. 
2. DETERHIHE T E EPICENTRAL NTENSITY, AHD, FOR POST 1933
EVENTS, T E MA NITUDE (H). 
3. DETERHIHE T E EP CENTER ANO T E YPOCENTER. 
4. CONSTRUCl . EP CENTRAI. APS S OWIN T E EP CENTERS OF hLL
REPORTED E:ARH!QUAKt:::S IHT N AN 3 1) . KM <5•) MILE) RADIUS OF T E
S TE AND ALL EART QUA~ES WIT MODIFIED ERCALLI NTENSITIES
< !Ham) (SEE APPENOIX JL > EQUAL. TO .OR REATER HIIHI V lHT N A 
320 ~H (198 HILE) RADIUS OF T E SITE. 
5. DETERMINE AH AFTERSI-IOCK 7.0NE IJF ISTORIC EART QUAKES • 
. 6. ror-:RFU-1TE T F EPICF.NTRAL ·t.OCATI ONS (:ND TF.CTONI C Sl RUCTlmE
.OF- T E --AREA. 
7. DETF.RMIN~ T F.
EART QUAKES OF VARrntJs MAGNITIJD ES OR EP CEHTRAL HTENSin:F.s; 
THEN r TJF.TF.RH JNE T E RF.CURRENCE i".Ur,: ~l[S }JS IN  T E FOf-:tillLh --
• • 
to~ H 0  ·· :J ·-bM 
I 
WHERE N IS T E NUMBER OF EART HQUAKE OCCURRENCES WIT IN T [ 



















UH■ FrOIKLVYIr l J■MU■VY Y■ArRr ;LY■ - rV■r KLV Dr5LV 
■rVUH^ErQ■M rYR RrDrG■ IM UH■ OrVG■MU MIYGO■ ;LY■ - 
rV■r JIUHIY UH■ EYIU■R MUrU■M? rYR FLA■VM DLV■ rV■r 
UHrY rOO LK UH■ LUH■V ;LY■ - rV■rM FLDTIY■R. UHIM 
IOOEMUVrU■M UH■ MIGYIKIFrYU M■IMIHF VIMQ IY R■A■OLCD■YU 
IY FrOIKLVYIr rYR IY J■MU■VY Y■ArRr.
;LY■ i l YL RrDrG■
;LY■ 7 l DIYLV Gk;VLd’ 3IYU■YMIUS A l AI0
;LY■ y l DLR■VrU■ RrDrG■ 3IYU■YMIUSlAXX4
;LY■ - l Dr5LV RrDrG■ 3IYU■YMIUS AIII






(AFTER AL ERMISSEN, 1969) 
T E CALIFORNIA - WF.sTERN NEVADA ZONE J AREA FOR MAJOR
EAR11IQUAKES AND DAMA E .,S T E LAR EST S N LE ZONE J
AREA WIT IN T E UNITED STATES, AND ·COVERS MORE AREA
T AN ALL OF T E OT ER ZONE J AREAS COMBINED. T IS
U.USTRATES T E S N FICANT SE SMIC RISK N DEVELOPMENT
N CALIFORNIA AND N WESTERN NEVADA. 
ZONE O - NO DAMA ~ 
ZONE 1 - MINOR D1.MAGE (INTENS TY V - VI) 
ZONE J - MAJOR DAMA E ( INTENSITY V II 
) 







■^ErO UL LV TVKrU■V UHrY Dy JH■V■ T *s UH■ T■I^H5F IYIXK, 
R■C■YR■YU LY UH■ MI;■ LK UH■ Gy.LLVrCHIF rV■rW UH■ O■A■O LK 
rFUIAIUS rYR UH■ O■YGUH LK UH■ UIH■ C■VILR FLYMIR■V■Ry!yPYRW 
JH■V■ “ IM UH■ M■IMDIF M■A■VIUS IYR■, V■OrU■R UL UH■ YrUEV■ 
LK UH■ U■FULYIF rF";_I’k FrEMIYG UH■ ■rVUHFErQ■M 3EMErOOS i.2 
UL l7?i KLV HLMU CrVUM LK UH■ ■rVUH0.
UH■ V■FLVR LK UH■ C■VILR 72^y l 76r5 MHLJM UHrU 77f- ■A■YUM 
JIUH ■CIF■YU■VM J■V■ K■OU? UH■ HIGH M■IMDIFIUS LK UHIM 
V■GILY IM IYRIFrU■R TS UH■ KrFU UHrU LY rY ■^ErO rV■r TrMIM 
REVIYG UH■ C■VILR LK 76-< l I6:iN Y■ArRr HrR UH■ HIGH■MU 
IYFIR■YF■ LK ■rVUHFErQ■M C■V EYIU rV■r LK rYS LK UH■ 
FLYU■VDIYLEM J■MU■VY MUrU■M. UH■ M■IMDIF rFUIAIUS IM 
LTAILEMOS FLYF■YUVrU■R IY UHV■■ Dr5LV ;LY■M 3Mt.■DDLYMP 5LYKM 
rYR GIDO■UUy 76M-0&
7. r J■MU■VY Y■ArRr l ■rMU■VY FrOIKLVYIr ;LY■ JHIFH IYFOER■M 
UH■ YLVUH■VY MI■VVr Y■ArRr KVLYUrO KrEOU FrYR ■YFLDCrMM■M UH■ 
UH■MIM rV■r|.
y. r KIMH OrQ■ ArOO■S l KEVYrF■ FV■■Q l R■rUH ArOO5■S M■IMDIF 
;LY■? rYR e e l
ri
-. UH■ JrOQ■V OrY■ M■IMDIF ;LY■.
9
!9&&&99




GylLD■UVS4LK RI,IK ArOO■SIY UH■ t.rMU 7^ D.S. UH■ METMEVKrF■
... 9
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EQUAL TO OR GRFATER T AN Mi WHERE~ JS T E SE SMIC ~DFX
; 
DEPENOl:HT OH T E · S ZE OF HIE f.OGRAP IC AREA, T E LE'JEL OF
ACTIVITY f.tt·HJ T E LEN T OF T· F. TltiE PERIOD COr!SJDERED r , /' HD,
W ERf; b S Tl-IF. SEI5H C SEVF.R!H NDE)( Rl::LflTED ff) T F.: ~1HUii:E
OF T E TF.~Tmnc (-1c ·~ C(-tUSIN T E EM<T C!UAKEB <USUALLY (•, 8
TO -1,0 FOR ~OST PARTS OF T~E EARTH>. 
T E RECORD OF T E PERIOD l852 - l96l S OWS T AT il73 E~ENTS
WIT  l:.PICl:NTF.RS WERE FELT, Tl-IE  SEISii C T'( OF T IS 
REC.HOM JS lNDJ°ct'.TED ~y T E F(-1CT T AT ON Mi EDUAL. M:F.f'\ BASIS
DURIN T E PERIOO OF 1934 - 196<b NEVADI'\ AJJ T E GHF.:ST
COHTERHINOUS WESTERN STATES, T E SEISHIC ACTIVITY IS 
OBVIOUSLY CONCENTR~TED N T REE !iA~IOR ZONES ( SL EnriOHS r .JONFS
AND IHLETT, 1963): 
1. fi IJESTE'RN NEV~[1~ - El'\STE'RN CfiLlFORNI(i ZOr!E l- IJC JNCL.LIDES
T E NORT ERN S F.RfM NEVArH) FRONTAL FAIJL.T CAND ENCOiiPASS!:S T E
T ESIS f':REAJ. 
2. ft F S  l.A~:F.: VALLF.Y - FllRNflCE CREEi\ - DEAT  
ZONE, f\HD 
3. T E WALKER L.ANE SEISti C ZONE, 
/' SF.JSMIC I 
T ESE • SEISiHC ZONES ARI:. I..UISTRl'\TED El'( SLEHiiOi~S, ET 
• 
AL.rU.964). 
I IN T E l.~ST l5 n.Y, T F. SllBStmFM:F.: l-GiffTRY Of fllXiF W1LLEY 















57p(AWFrlLK 5 .ii5.:X01SK.rV0. KEVUH■V ■E5E■HF■ ■,IMUM LK r 
MCV■rRIYG VrU■ LK I? LX;X;;1S■rV 5 .ii<X01S■rV0 KLV UH■ OrMU 
7yWiii S■rVM IY r Y^^J RIV■FUILY. UH■ YJ HLA■Q■YU LK UH■ 
CrFIKIF COrU■ Fyy;■rYIFI JIUH V■MC■FU UL UH■ YLVUH rD■VIFrY 
COrU■ PFLYUIY■YUrOAl4LYM UH■ MrY rYRV■rM KrEOU FLIYF_®R■M? 
rOMLN ■VLMILYrO rYR V■rFUIArUILY ■AIR■YF■ LK UH■ RI,I■ ArOO■S 
KrEOUM MEGG■MUM UHrU RIMCOrF■D■YUM LK UHIM DrGYIUER■ 5rY 
■A■YU JIUH rY ■,U■YMILYrt. FLDCLY■YU YLVDrO UL UH■ MUVIQ■ LK 
7.^ D■U■VM LV <.6 K■■U0 rV■ V■C■rU■R rU rYS LY■ COrF■ O■MM 
LKU■Y UHrY ■A■VS 7ii S■rVMN TEU DLV■ LKU■Y UHrY ■A■VS 7iNiii 
S■rVM. UHIM IT J■OO JIUHIY UH■ FrOFEOrU■R V■FEVV■YF■ FEVA■M 
LK RLEGOrM rYR VSrOO 376f^0? IK UH■ LFFEVV■YF■ IM ■A■VS 
IyLLFX S■rVMN UH■ rA■VrG■ ■,U■YMILY VrU■ IM 7.^0."1S■rV 
5.ii:X01S■rV0.
!
UH■ JrOQ■V OrY■ T■OU HrM T■■Y rFUIA■ MIYF■. DIRRO■ 5EVrMMIF 
3MC■■RN 76f20 JIUH Dr5LV ECOIKU L■ UH■ V■GILY MLD■ 7f DIOOILY 
S■rVM T.C. JIUH UH■ MI■VVr Y■ArRr MEDDIU V■GILY ECOIKUIYG rU 
rY rCCVL,IDrU■ VrU■. LK . i7 y""1S■rV 3. iiii<f7 01S■rV0 rYR LK 
UH■ J■MU■VY TrMI.Y rYR VrYG■ CVLAIYF■ TS FBX"Xy;1S■rV 
3.iiii<X01S■rV0 . UH■. JrOQ■V t.rYO *IMPk4IY KrFUN4r Dr5LV J■rQ 
KrEOU ;LY■ MUV■UFHIYG MLD■ <ii QD 3-f- DIO■M0 KVLD OrM AQGrMN 
Y■ArRr YLVUHJ■MU UL T■SLYR HLY■S OrQ■N FrOIKLVYIr. Y■rV 
CSVrDIR OrQ■N UH■ JrOQ■V OrY■ HrM r MH■rV ;LY■ QYLJY rM UH■ 
CSVrDIR OrQ■ MH■rV ;LY■ JIUH r Dr,IDED LTM■VArTO■ JIRUH i7l ^ 
QD 3- DIO■M0 KLVD■R TS VK.UR■O rYR FLY5EGrU■ V■IR■I. MH■rVM LK 
7i QD rYR - QD 3< rYR y DIO■M0 V■MC■FIUAK.OS OlV.;UK’ 5L.0. 
UHIM ;LY■ UV■YRM Y<iJ 3T■OO rYR Mt.■DHLDMP 76f60. UH■ MH■rV
7,,; 
... , . 
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0.4~~/YEAR (,0016in/YEAR>, FURTHER EVJU NC . EXISTS OF A 
; 
SPREAD NG RATE OF 1,0m~/YEAR (,004in/YEAR> FOR THE LAST 
12,000 .YEARS IN A NSSW DIRECT ON. T EN~ iiOVEMEHT 0· THE 
PACIF C PLATf. CdtEAHICJ lHTH RESPECT TO THE NORTH Ai1F.RICAN 
PLATE [COHTINENTAL THE SM! MWREAS Ff-tlll.T COlNCJTJES, 
ALSO, EROS ONAL AHO REACTIVnTION. E9t0ENGE OF THE D XIF. VALLEY 
FAUL.TS SU ESTS T AT DJSPU1CniENTS OF T S iiA(H!JT TIF. (M!
EVENT WIT  AH EXTENSIONAL COHPONENT NORHAL TO T E STR KE OF 
1  5 l'iF..TERS or< I\, 9 FEET> . M~E REPE~TF.D (-1T l'\NY ONE PLACE LESS
_, 
OFTEN T AH EVERY 100 YEARS, BUT HORE OFTEN T AN EVERY 10,000
YEAf<S. T IS S ~!ELL. ~IIT JN T E CAL.CIIU-1TF.D RECURRF.t!CE CURVES
OF DOU LAS AHi) R'(ALL ( t 975), F T E OCCIJRRENt:E S F: 1/ER "r' 
1, C•O(i YF.ARSs T E AVERA E FXTFNSION RATE S 1,Srum/YEAR
( • 0 1)6 i.n/'fEAR > • 
T I: WALKER LM!E BELT AS iF.F.N (-1CT WI: SINCE li DitLF. .llJRASSJ C 
C SPEED, 1978 > · WlT iif).JnR UPLIFT OF T E RE ION SOME 1. 7 MILL ON 
YEARS B.P, WIT  T E SIERRA NF.VADA SlJHiill RF. JOH lJPLIFTJN  AT
. ~N APPROXJliATE RATE OF ,0l2~m/YEAR C,000047in/YEAR> AHD OF 
T E WESTERN BASU-I ANO RM! F. PROVINCE BY ) •)lrhm/YEAR 
(  (10(1(1;\ j n/YEM:); THE ~!AL KER LM! .• J rn FACly _ liAJOF~ WEAi< ( 
FAULT ZOHI:. STRF.:TCHIN  SfJliE 6 1)1) Kii C 373 MILES> FROM LAS VEGAS, 
NEVhDA NORT WEST Tf• BEYOrHI Oi'!l:'Y U-1~:E s Ct:U FCltnH (-1, NEM: 
PYRAHiD L.nKE, T E WAL.KER l~HE HAS A S EAR ZONE KNOWN AS T E 
• 
PYRA!illl I. M:E' S Ef'\R ZOHE. ~IIT  (1 tiA>:IliUH O~SERVABL.E WITIT  OF 5 
KM C 3 MI LES> FORiiED F.IY RE IDE:L ANO cml .JIIGATE RF.: IDEI. SHEARS OF 
( 
1 0 K ti MW 3 Kn ( 6 M!D ?. Ii I l. ES ) RESP EC J Hi EI. Y ( FIG l.1 F: [ H 1 , > , 







;LYK IM FrCrTO■ LC G■XYK.VrU 5 YG rH ■A■YU LK H f.i UL f.f 
rOLYG r Hr,UHEH LTM■VArTO■ O■YGUH LK MH■rV LK r QH 3-.f 
DIO■M0W rYR rY ■A■YU LK D l r.f^ UL f.y^ LA■V r MH■rV LK -i 
QD 372.r DIO■M0 3VSrOI.f 76ff5 T■OO rYR MO■DHLHMy 76f60.
TVIYGIYG IYUL KLFEM KLV r DLD■YU UH■ F■YL;LIF MUV■MM V■MEIUM 
LFFEVVIYG IY UH■ MI■VVr Y■ArRr HiEYUrIH-f J■MU 376f60 
CV■M■YU■R RrUr KVLD YIY■ O■A■OIYG OIY■M rFVLMM UH■ VrYG■. 
UH■M■ RrUr MHLJ■R FHrYG■M IY ■O■ArUILY rYR UIOUIYG LK UH■ 
MI■VVr Y■A4r TOLFQ UL UH■ J■MUf J■MU LK UH■ D■OLY■M KrEOU 
;LY■ 3KLLUHIOOM KrEOU MSMU■D0f rYR rY ■rMUl UIOUIYGf ■rMU LK 
UH■ D■OLY■M KrEOU ;LY■. T■YY■UUP ■U rO.P 356ff0 IM ■A■Y HLVK 
MC■FIKIFf MUrUIYG UHrU UH■ MI■VVr Y■ArRr IM IVV■GEOrVOS 
UXt UIYG J■MUJrVR IY UH■ RLYYKV MEDDIU rV■r kJIUH Dr,IDED 
. ECOIKU VrU■M D■rMEV■R rU 6?ywX0X1S■rV 3.i-:X01X■rV0 KLV UH■ 
C■VILR 76<f UL 76:6. ECOIKU rA■VrG■M LK <.^""1S■rV 
3.LtMX01S■rV0 IY UH■ J■MU■VY TrMIY rYR VrYG■ CVLAIYF■ T■UJ■■Y 
V■YL rYR RLYH■V MEDDIU rV■ YLU■R. H■ MEGG■MUM rOML UHrU CLMU
Z
767y R■KLVDrUILY IY UH■ J■MU■VY TrMIY rYR VrYG■ CVLAIYF■
IYRIFrU■M MLD■ METMIR■YF■ FLECO■R JIUH UH■ ECOIKU XDD■RIrU■OS
UL UH■ J■MUf ML UHrU UH■ Y■U ■KKUUtk4Y UH■ T4M4I rYR VrkYG■k4
CVLAIYFK IM V■OrUIA■OS MUrTO■ ■O■ArUILY. JIUH V■MC■FU 5L UH■
TrMIY rYR VrYG■ CVLAIYF■ 3J■MU■VY CLVUILY0 rY rFF■O■VrUILY LK ?
UH■ StTLA■ VrU■M LK ECOIKU LFFEVV■R 3MCrVM■ RrUr0 t.rU■ IY
F■YL;LIF UIY■ 3MO■HDLYM rYR ArY JLVD■Vf 76f60. UH■ ■rMU■VY
TLEYRrVS LK UH■ MI■VVr Y■ArRr DLEYUrIYM CrKjrt.t.■t.M IVV■GEOrV
(
■Y ■FH■OLY CrUU■VYM LK YLVDrO rYR VIGHU LTOI^E■ KrEOUIYG. 
UH■ V■GILY T■UJ■■Y UH■ MI■VVr Y■ArRr ■rMU■VY KVLYU rYR UH■
4 
L,__ __ _ 
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Zm!I: JS CAPABLE OF [NEF:ATJNG M! n1ENT or- Ii :-: 7, (, TO 7, 7 
ALONG ., nn:< liillrt 08SERVMH.I: LENGTH l)F SHEAR OF 6 KM < 3. 7 
M  LE'S) r (>.ND At! E'UENT OF ti :: b. 75 TO 7, 25 0\11:.Fc (>, S EM~ ,r 30 
KH (18 6 Htl.ES> (RYALL, 1977; BELL ANO SL.EM ONS, 1979). 
BR N N INTO FOCUS - FOR A MOMENT T E CENOZOIC SlRESS RESULTS 
OCCURRIN  IH T E SCERRA NEVnDA OUHT~I S, WEST (1979)
PRESENTED DATA FROH N NE I_E\JELJN  LINES ACROSS T E RAN E.
T ESE OATA S OWED C MI ES N ELF.1!r.iTtON ANO TtL T N OF T E 
S ERRA NEUhA .£<LOCK TO T E ~11:.STr WEST OF T E MELOHES FAULT
ZONE CFOOT tL.I.S FAULT SYSTEn), AND Ml EflST- T LT N , EflST OF 
T E HELOr!ES FAULT ZONE. £<ENNETT r ET f-1L, r < l 977 > S F.VEN Or~F
SPEC CFtC, STtHHIH T AT T E S ERRA NF.VAO:~ ts tRRE ULARL Y
.., 
TII. TlN WESTl AF:D J N T E : .T.IOrHffR SUMMIT (-1f:F.(\ ·~! T nl-:>:Jnllii
UPLIFT RATES HEASURED AT 9,2mm/YEAR C.036in/YEAR) FOR T E
PERJOII 19-17 TO 1969 c' UPL.IFT AVERA ES OF 4,5mm/YEA~ 
< 018in/YE~R> H T E WESTERN BASIN AND RAN E PROVINCE BETWfEN 
REHO AND DONNER SUMMIT ARE NOTE!I. E SU ESTS ALSO T AT POST -
. 1912 OEFORMf'ITtOH N T E WESTERN BASIN AHO RANAE PROVINCE 
ND CATES SOME SU~SIDENCE COUPL.ED WIT T E 
TO HIE WEST, . SO TMfH T E NET EFF EL i 1"1 N 
PROVJNCF IS RELATIVELY STABLE' ELEVATION. 
UPLIFT ) MliEDH-1TF.L Y 
T E 8rM AHD RA~'I E ( 
WIT  RESPECT JO T E 
B~SIH MIO RM-WE PROVtNC:E CWF.:8TF.RN PIJRlIOM) AN ACCEI..ER(1TtoN OF 
T E f\BOVE Rl'\lF.S Of UPLIFT OCCUF:RET.I <SP iRSF.. fl(~T(-1) LATE H! • 
CENOZOIC Tllil:: C SLEniilJ~ S AND VAN WORiiER, 1979 >, T E EASTERN 
BOUr!TJAF:.Y or- T E SJ EF:RA NEVt:flA iiOLliH A INS PAF:Al. l. ELS J RRE Ul. )f-: 
f 
EN ECHELON PATTERNS OF NORMA L ~ND RI T OBLIO.UE FAULT ING, 














NVQMr■ QVFr RDSyI■r GGOA SE V TZ‘?Qr! <ZFr ZD S■■ryIQV■ 
?V..r■FE ZD UZ■E. VFP ;■V^rF ^QZZME VFP TZFWIyV.r FZ■UVQ .Z 
Pr!.■VQ RFN .■rFPEA VFP ESFSE.■VQ 5Fr .■rFPEA E.■SMr0EQS? 
DVIQ.E REQDUUZ:E; r. VQO; GLlLAO FrV■ NVQMr■ DABIF .Ur 
NVQMr■ QVFr UVE E?T&r■VQ E.■VFPE NS.U sE MU 5X, U.QrEA ZD 
Pr!.■VSO R■SyU.0UVFPrPA E.■SMr0EQS? Er?V■V.SZF RUV■PtUVFOr. 
VQY^ GLlCAY UV■ZtUVF DI■.Ur■ E.V.rE V .Z.VQ E.■SMr0EQr? ZD 
ZBr■ <e+-trV■ ROZZ^e‘-trV■A VT■ZEE .Ur NVQMr■ QVFr rVE. ZD 
NVQMr■ QVMr VFP^ .UV. .Ur VBr■Vyr ZD .Ur 9IQ.S?Qr RCA E.■VFPE 
ZBr■ V 11 9SQQSZF trV■ ?r■SZP SE ,O E‘e+-trV■ RY ,,1e ‘-trV■A 
NS.U TI■■rF. ■V.rE ?ZEES^Qt ^rSFy rBrF y■rV.r■ VQ.UZIyU .UV. 
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!.,JAL.KER LANE (FIGURf. 11,) IS fl GOMPLE :< ZONE OF IRREGULAR -I 
PATTERNS OF HORST AND GRABEN BLOCKS AND CONJUGATE NORHAL TO 
DEXTRAL C Nl4 TRENOS > MIO SINI TRAL. ( NE TRENOS) STRIKE 'SLIP 
FAULlS (SL.fHHOHSr ET Al.,r 1979), NEftR WAL.KER L ~Er THE
WAL.KER LANE HAS STRANDS WITH 48 K~ (30 ~ILES) OF 
DEXTRAL CRIGHT-HAHDED> STRIKE-SI_Jp SEPARATION CHARDYHANsET 
AL,1 1975), HARDY~AH FURTHER STATf.S A TOTAL STRIKE-SLCP OF 
OVER 2••/YEAR <. OBin/YEAR> ACROSS THE WAL.KER LAHE EAST OF 
. 
WAL.KER LAKE AND1 THAT nlE A1JERAt,E OF nlE nlJL TIPLE (5) STRANDS
OVER A 22 HILl.IOH YEAR PERIOD JS 0,5.m/YEnR (,002jn/YEAR)
WITH CURRENT RfHES POSSIJ3l.Y 'BEING ElJEN GREATER AL THOUGH THAT
HAS NOl REFN ESTABLISHED. 
FIGURE j C•. 
RE I DEL SHEf-iR DI AGRAM 
,., 
F,,urc, -to. 
aR-e~ e,cll t G\ctnll\Of\~ 
• (1919) 
I 
FUF:HIER TO THE NORTH (1LOr!G THE l•!AU~ER I .. M!E BEHIEEi'1 RENO M!D 




Fig~rv 41. l . 
( .J-,1.J llf"O!II lg•U, .I .J... ''''* 
s.J Sl.Mmo11s, /91>7) 










VFP WZSFE .Ur NVfOMDO■ QVFr .■rFP RDSZZ■DO YG1OAO .USE Ery9rF. 
SE FrV■Qt 1X MU RGs USQrEA SF DIJrFU’ REVFPr■E VFP EQrU;eZUE^ 
GLlLAO S. SE TV?V^Qr ZD VF U 6 lO, rBrF. REQrU9ZFEk GL)lAY 
.Ur USE.Z■ST ■rTZ■P EUZNE VF rBrF. ZD U bb 6.7 REQJUUZFE; 
GLllA ZTTI■■rP ZF spI DVIQ. SF ErBr■VQ EryUrF.Ee 1OX MU: Gs 
M9^ VFP L MU RfYs) KOlJ VFP COs USQrEAO Z.Ur■ 9VWZ■
rV■.UHIVMrE PV.SFy VE DV■ ^VTM VE W^s, NUSTU UVBr ZTTI■■rP SF 
.Ur NrE.r■F ^VESF VFP ■VFyr ?■ZBSFTr UVBr ■rEIQ.rP SF 
jh ESyFSDSTVF. EI■DVTr ■I?.I■r ZBr■ TZFESPr■V^Qr DVIQ. <ZFr
ErTUrF. QrFy.UEO .Ur ZNrFE BVQQrt rV■.UHIVMr ZD GKl1l VF 
rBrF. ZD U KO, l ■rEIQ.rP SF ETV■?E ^rSFy DZ■9rP SF r!TrEE 
ZD l 9r.r■E R 1X Drr.A ZBr■ ErTUrF. QrFy.UE ZD l, M9 RsXOC 
9SQrEAO S. UVP V DrQ. V■rV ZD S;;Cl:s,, EHIV■r MSQZ9r.r■E 
R;s,l,,, EHIV■r USQrEAO VF rBrF. ZD U 0 lOs ZTTI■■SFy SF 
a GLGC SF ?QDVEVF. BVQQrtl FrBVPV ■rEIQ.rP SF 1 .Z s 9r.r■
ETV■?E RGOC .Z 1OC Drr.A VQZFy ErTUrF.E D■Z9 X, .Z s, M9 R 
GKOC .Z 1C 9SQrEA NS.U V DrQ. V■rV ZD EZ9r Gl1LCl,,, EHIV■r 
J MSQZ9r.r■E RCZZlZZZ EHIV■r 9SQrEAO SF GLX1 VF rBrF. ZD 9 b
lOX ZTTI■■SFy SF .Ur TDOPV■ 9ZIF.VSFE NVE DrQ. SF FrBVPVl 
TVQSDZ■FSV VFP I.VUO .Ur Fr0EN .■rFPSFy ETV■?E Nr■r ZFQt V 
DrN TrF.S9r.r■E SF UrfyU.; ^I. ’ r!.rFPrP DZJ4JZ MF RXlOC 
USQrEA VT■ZEE V ; .Z GsMU RXOl .Z KOl USQrEA <ZFrO SF0 GLCs 
VF 9 lYG rBrF. ZTTI■■rP ZF .Ur DVS■BSrN ?rVM DVIQ. DZQQZNrP 
DZI■ :efFI.rE QV.r■ ^t JF 9 * ;OK rBrF. COC M9 FZ■.U ZF .Ur 
PS!Sr BVQQrt DVIQ.O .Ur DVS■BSrN ?rVM <ZFr NVE C, M9 ^t G, 
M9 RXG O^t ; 9SQrEA NS.U ■rEIQ.SF;e Br■.STVSJ VFP UZ■S<ZF.VQ 
PSE?QVTr9rF. ETV■?E ZD s 9r.r■E RGX DDD.AO .Ur PS!Sr BVQfOrt 





Mm .JOJNS THF. WAL.KER L.M!E TRnrn (FIGURE n.). THIS SEGHENT 
I  NEARLY 23 KM (14 MILES> HI LENGTH (SANDERS ANO SLEMHONS, 
J 
1979>. n JS C:APABL F. OF. At-! Ii -· 7, (• EVENT < Sl.EliliOl'!S, 1 9 >7' ) • 
THF. HtSTIJRtC 
1977 > OC:CUF:REI• OH 
AH EUEHT IJF M ,  CSL~HHONS, 
IN SEVERAL SEGHENTS, 2,3 KH, 14
KM1 AND 9 KM Ct,4~ 8.7, AND 5.6 MILES), OTtfER ri"JOR 
EARTHQUAKES DATING AS FAR BACK AS 1840 WHJCH HAVE OCCU~RED IN
TH E WESTERN BASHI AND RANGE PROlJtNCE HA 1J~ RESIJl: TEO IN
SIGt-!IFICANT SURFACE RUPTURE (l\.'ER CONSIDERABLE" Ft'illLT ZOr!E 
SEGiiEHf LENGTHS, THE OWENS VALLEY EARTHQUAKE OF 18721 AN 
EUENT or Ii = 8,0, RESULTED IN ~CARPS BEING FORHED IN EXCESS
OF 7 HETERS < 23 FEET> OVER SF.GHE NT lENG~HS OF 70 KM (43,5
MIL.ES>. JT HAD A FELT AP.EA Of- 1,657, bvC• SClllAr-:E KI L.OliETERS
(640,000 SQUARE MILES>, .. AH EVENT OF M 7,6 OCC~RRING IN
1915 IN F'L.F.ASANT VAL.LEY, NEVADA RF.SUL TED H! 2 TO I\ liETF.F: 
SCARPS < t. 5 TO 2, 5 FF.ET )' ALONG S~ GiiF.NTS FROii 3•) TO 4•) KM < 
18.~ TO 25 HILES) WITH A FF.LT hRE~ nr- SOnE :i , 2 95,(1(1(1 SfHJAr-:E 
Kil.OiiF.TERS (5•)0,0•)Q SQUARE HILES), IM 1932 AM Evnn OF M = 
7. 3 OCC:llRRHlG 
CA L IFIJRH If) AND
Fni CEMT J METERS 
IN TRE CEDAR tiOUHT~INS WAS FEL T IN NEVADA, 
UTAH, THE N~ ·-SIJ TRENDING SCARPS_ IJ~ Rt ON LY A 
IM HF.I Gl-:T, BUT · F. i :TENDED FOY'(• I\N ( 37, 5 ( 
HILES> ACROSS A 6 TO t4Kii (3,7 TO 8,7 riILF.S> ZONE, IN• 1954 
AN ii 7 , l EVENT OCCLIF:RF.:D ON THE· F(ii R',1If. W f-F.: ; F MILT FOL.LOW ED . 
FOU R 1; INUTES LATER [!"f "N ri :-: 6. 8 E 1JF.HT 5. 5 KM Nl)RTH OH THE 
Dii: IE VAL LEY F~UL T, THF. FAH-VJEW PEM: Zfii'1E ~IAS 50 KM BY l C• 
KM C:H • B"f 6 iitLES> l.JCTH RESlll.THIG VERTICAi, ANO HORIZONTAL 
DI SF' U {CEMENT F>CM~PS OF It liETF.RS ( 1 3 FEF T ) , THE fl I>: JE Vh U .F.:Y 
FA UI. T J IJNI='. \Jf'.'\S 4•) KM BY .5 r:;; ( 2 4,8 F.< ·r 1 MILE S ) 1-J I TH RE SIJI_TIN G 
%
RIC MOIC MFrVCM LK y HK.UK.VM 3:.^ K■■U0 IQ H■IGHU. r K■J 
DLQUHM I.rU■Vf 4IY UH■ KrOOLY l MUIOOJrU■V LK’SW MLQ■ -i QD 
J■MU LK UH■ CI,I■ ArOO■S l KrIVAIQJ C■rQ rV■rP UJL MHLFQM LK 
D ‘ :.: rYR D l :.2 LFFI4■R IY r ;LY■ <i QD TS - QH F‘<.2 TS 
y QII.■M0. UHIM KrEOU ;LY■ CrVrOO■OM UH■ RI,I■ ArOO■S l 
KrIVAI■J C■rQ KrEOU ;LY■ 3VSrO.O? 76ff0.
JVIGHU 376f:0 ■,CLEYR■R LY UH■ F■YL;LIF M■IMDIFIUS LK UH■ 
J■MU■VY GV■rU TrMIY TS L■FMVITIYG UJL Dr5LV rV■rM LK 
R■KLVDrUILY JHIFH rV■ FEIU■ rFUIA■ IY Y■ArRr. UH■ KIVMUf r 
KI■OR LK MDrOO ■,U■YMILY DrGYIUER■ IY UH■ YLVUH■VY rYR DLMU 
F■YUVrO CrVU LK UH■ GV■rU TrMIY JHIFH IM FHrVrFU■VI;■R TS 
MU■■COS RICCIYG YLVDrO KrEOUM rYR G■YUOS UIOU■R TOLFQM 
UV■YRIYG YlY■. UH■ M-FLYRP LY■ LK DEFH GV■rU■V DrGYIUER■? 
OI■M T■UJ■■Y UH■ JrOQ■V OrY■ rYR UH■ MI■VVr Y■ArRr. UHIM IM 
r ULCLGVrCHIFrOOS rYR MUVEFUEVrOOS RIMUIYFU V■GILY rM 
FLDCrV■R PL UH■ V■MU LK UH■ GV■rU TrMIY. IU FLYUrIYM DLMUOS 
FLDCO■D■YUrVS MUVIQ■lMOIC KrEOUM 3YJ MUVIQIYG VIGHU OrU■VrO 
MOIC rYR Y■ MUVIQIYG O■KU OrU■VrO MOIC KrEOUM0 rYR rTEYRrYU 
YLVDrO KrEOUM JHIFH KLV UH■ DLMU CrVU HrA■ YlY■ MUVIQ■M. 
UH■M■ KrEOUM LK MUVIQ■lMOIC RIMOCOrF■D■YU LFFEVV■R IY OrU■ 
F■YL;LIF UID■ rYR HrA■ KEYFUILY■R rM FLY5EGrU■ MH■rVM 3KcGEV■ 
7-.0 JHIFH rV■ KIVMU LVR■V ■,U■YMILYrO K■rUEV■M. MIDIOrV 
FLYRIUILYM LK J■MU■VOS ■,U■YMILY J■V■ YLU■R TS ■rULY 3!6-y0 
rM Dr5LV J■MU■VOS DIGVrUILY JIUH Dr,IDED DLA■D■YU 3:i UL 2i 





It P SL P SCMff'S or 2 tif::TERS < 6  5 FEET) :rn EJ MT, (-i FEW
MONT S LATER 1 ~ H . T F. FALi.OH - STILLWATER ARF.il, SOiiE 3 •) KM 
WEST OF T E DJXJF. V~LLEY T FAJkVIEW PEA~ AREnr TWO S DC ~ . OF
H 6 6 .AHO H 6 8 OCCI RRF.O HA lOHE 40 Kn BY J Kn ( ~1,8 BY
2 till.ES) c T IS FAULT ZONE PAP.ALI.HS T F. D Y.Jr:: V~LLE Y -
FA R1HEl4 PEAK FAIJL.T ZONE CR .fAL.L.1 1977). 
WRI T (197b) E>:f'OUt-!DEr1 Ot! T E CENOZOIC Sf::JSliJCJTY OF T E
WESTF.RH 6RF.AT enS H BY OECSRIB N TWO MAJOR AREAS OF
DEFORHATJON WHIC ARf CUJTE ACTIVE J~ NEVADA. T E FJRSTr A 
F ELD OF SiiM.I. l:.XTEHSIOH nA HtTUTJE H T E NORT ERN AHD HOST
CENTRAL PAP.T OF T E F:E(iT FIASrn wmc S C. ARACTF.RJ ZETJ BY
STEEPLY DIPP N NORnM. FAULTS AND ENTI_ .( T L:TEO BLOCKS
TRF.NDIN N··NE. T E s .. _co~rn r Ot!E rn- nUC f.:Et-iTER n l: r!J TUDE,
L ES BETWEEH T F.: WALKER LANE AND T E S EF:RA iff'Jf\D,,, T IS S
A TOP06RAP JCALI.Y
COHPARED TO T E REST Of T E REAT BASIN, T CONTAINS MO S TLY
COl'iPLEtif.NTARY STR KE-SL. f-· FAUl TS < NW S TRI!\ IN R 6MT u~TE FJiL





~JHI C For-: T F MOST F·Mn AVE N--N~ STF: I I\ES.
OF STRIKE-SLIP Disi.PLA•: EiiENT OGC~ ED rn I .ATE ( 
CENOZOIC Tl~E AHO AUF. FlJNCT OHED AS CON JU ATE S EARS <F~ URE
13,) WHIC ARE FCRST ORDER EXTE HSt O~AL FE ATU RES, S HI LAR. . 
COHDITlOHS OF ~ESTERLY i>:TENS OH WERF NOTED BY EATOH ( 19 32 ) 
AS i'h'\ .JOR, WESTERLY MIHRfH ION \HT M~\ :<I iiiJ M rl0 1JEMENT < 6•j TO so
KH> hLOt! T [ ARLO CK 





















V■lVECUEV■ IY UH■ Y■ArRr FSFO■ IM LY UH■ LVR■V LK CLMMITOS rM
DEFH rM UHLEMrYRM LK S■rVM. rKU■VMHLFQM KLOOLJ rY ■A■YU LK D 
! Z
m f?i KLV HEYRV■RM LK S■rVMX rYR Dr5LV MHLFQM DrS T■ CV■F■RKR
TS KLV■MHLFQ rFUIAIUS! OIQ■JIM■! KLV HEYRV■RM LK S■rVM. UH■
RIMUVITEUILY LK G■LI.LGIFrI.OS rFUIA■ KrEOU MKF4X■YUM IY Y■ArRr
IM KrIVOS ■A■Y UHVLEGHLEU! UH■V■KLV■! MIDCOS HrCCIYG UH■D IM




F GURE 12 
WESTERN NEVADA ACTIVE FAULT ZONES 
4-0.ooN12..0.GOW _______ ,, ,fa.0011 
---.. 119.to  
62 
·;,-~ · .i ·, 
" -. 
figurci 42.. 
.f-¼e1r  cu-~ lct MlftOft 
 4119) 
) 
RE-RIJPTLIRE N T E N[VATIA CYCLE JS ON T E ORDER OF F'OSSJBLY ns 
HUC AS T OIJSANOS OF "(EARS ' nFTF.:PS Or.Ks FOi.LOW AH E'JEIH OF M 
" = 7,0 FOR UNDREDS OF YEn~Sr 6ND HAJOR S OCKS HhY BE PRECEDED 
BY FORES OCK ACTIVITY, 1: KPHSE, FIJR UHDREDS OF YEARS. T E 
[l!STR JHITl Or! OF F.OL.O I C: f\1  LY {:CTJVF Ff.lLIL.T SHf iE!HS rn N~ VMJA 
S FA! RI . Y EVF.N T ROIJ OIJT 1 T EREFORE, S  MF"I. "( .MAPP IN T =. M S 


















KEVUH■Vf LA■V r C■VILR LK M■A■Vrt.. UH^RMrDR S■rVMf Hr5LV 
■rVUH^ErQ■M FLEOR FLYF■IArTOS LFFEVy ’Xs’.*’G)rP LA■V UH■ 
■YUIV■ TrMIY rYR VrYF■ CVLAIYF■ YLU Y■F■MMrVIOS 5EMU r54LYG 
UH■M■ HrCC■R krFUIA■4rEt.UM1fiYK.Mk. UH■ MrQ■ CVIYFICrO 
rCCOI■M KLV UH■ HrCCIYG LK ■CIF■YU■VM rM KLV UH■ HrCCIYG LK 
UH■ rFUIA■ KrEOUM. MLD■ Qr5LV MFrVC rV■rM HrS T■ MrK■ KLV 
UHLEMrYRM LK S■rVM rKU■V r Hr5LV ■A■YU. HrST■ YLU«
IU HrS T■ IYU■V■MUIYG UL YLU■ UHrU ■A■Y UH■ R■KIYIIILY LK 
!rFUIA■ KrEOU1;LY■Z FrY T■ IYU■VCV■U■R IY UH■ ArVILEM USC■M 
LK ■ArOErUILY. KLV IYMUrYF■P UH■ YEFO■rV V■GEOrULVS 
FLHHIMMULY 3KLVH■VOS UH■ rULHIF ■Y■VGS FLHHIMMILY0 IY IUM 
GEIR■OIY■M KLV MIU■ M■O■FUILY MUERI■M KLV YEFO■rV CLJ■V 
COrYUM V■^EIV■M UHrU rYS KrEOU JIUHIY 7.: QH 3LY■ YIO■0 LK r 
CLU■YUIrI. MIUK HEMU T■ +CVLA■YZ. UHrU IMN r R■U■VHIYrUILY 
HEMU T■ HrR■ rM UL JH■UH■V UH■ KrEOU IM rFUIA■ LV IYrFUIA■. 
rY +rFUIA■Z KrEOUW EYR■V UH■M■. GEIR■OIY■M. HrM HLA■R LYF■ 
JIUHIY UH■ CV■F■RtY3X MLL.LLL S■rVM. LV HrM HrR 0EOUICO■ 
HLA■HK.YUM JIUHIY UH■ CV■F■RIYG f^i.iii S■rVM. HrYkM 
FIAIOI;■R ■,IMU■YF■ Z IY RJ■OOIYGM IY MLFIrO GVLECs03FIUI■M0
HrM C■VHrCM T■■Y LYOS <.iii S■rVM. UH■ MUERS Ly4rVUHFErQ■M 
rYR rFUIA■ KrEOUM JIUH V■MC■FU UL CETOIF MrK■US HrM T■■Y LYOS 
r H■V■ KVrFUILY LK UHrU UIH■. UH■ GEIR■OIY■M. UH■V■KLV■. rV■ 
MUVIFU rYR R■HrYRIYG« !
7
63 
FURTHER 1 OVER A PERIOD IJF SEIJERAI.  HIIJ IJ SAHD YEARS 1 MAJOR 
EA~THOUAKfS COULD CO~CEJVABLY OCCURr E PfCTEDLYr OVER THE . 
ENTIRF.: 81-'lSIH AHD Rc)NOE PROV NCE NOT NF.CESSARil..'f .JUST A). OWG 
THESE APPED "ACTIVE flUl.T~/70NES", THE SANE PRJNCIPnL 
APPL ES FOR THE ~APP HG OF EPICENTERS AS FOR THE MAPP NG OF 
THE ACT VE FAULTS. SOHE liAJOR scnRP AREAS ~AY BE · SAFF. FOR 
THOUSANOS OF YEARS AFTER A MAJOR EVENT, MAYBE NOT! 
IT AY RE INTEREST NG TO NOTE T AT EVEN T E DEFJNJlJON OF 
"ACT IJf. FAIJL T /ZONE" CAH BF. IHTERPRF.TED HI T E VAR OUS Y-fPES
OF EVAL.llATJON. FOR NSTM!CEr T E NllCL.F.fiR RF. lJUiTORY
COMMISSION (FORMERLY T E ATO lC ENER Y COMMISSION> N TS
UJJ.IELHffS FOF: SITE SF::LF.CTIOM STUD F:·s FOP. NllCLEhR POI EP.
PLANTS REQUIRES T tH AIH FAIJL.T !JtT IH 1  6 KM CONE iHLE > OF A 
POTF.NTH\I. SJTF UST BF. "PRO\IEN" C T AT JSf (>, DF.TFRnrn( .. TJm!
' UST BF. iiAOF AS TO WHET ER HIE FAIJ~.T S ACTI'JE OR NACTI 1JE. 
AN • ACTI\.'E • Fntll T, llHflER T ESE l.'J:DELJNESr AS liOVED Or!CE 
1.JITHtN HIE PRF.CF.:OH!Ci 5 1) 1) n)OO YEARS 1 OR AS c)D HUI. TIP LE 
MOVEMENTS WIT IN T E PRECEDIN  750r000 YEARS. AN'S 
CIVlLIZF.D F.:<tSTF.NCE HI OWELLH! S IN SOCIAL RflUPs) ccn ES) 
AS PfR APS BEEN OHLY 4r000 YEARS, T E STllDY O~RTHQUAKES 1 
AND ACTIVE FAUL.TS ~HT  RESPECT TO PUBLIC SAFl::T'f c)S BEEN 'OHLY 
A MERE FRfiCTlOi'! OF T AT HliE, T E l.lJllEJ_H!ES> T [RF.FOf-:Ei M :E 
• 









COHJUGATE REIDEL SHEARS PRODUCE FIRST 
ORflER n :TENSrOr!AL FEATURES. 
<AFTER WRIGHT, 1976> 
G • A'Xl~ of rftll'Xl~UtW\ . p.,u,c:1pAI . -slre~«--
{"3 =a-x,~ .f mu,,"'u"" P"'"ctp .. l -s-1,-,~"l-:.: 
~,-?.-mode\ ma'J I>& •pW»lted -lo 'IL~ c~ -
-,Qga-k "3lr-o,, ~OfttJ~ O L.~ Wll \~ 
~a ~o and i ~11 \left.\11 ra • W lf\ft e nuJ ~c. a 










V■UEVY FEVA■M JHIFH CV■RIFU UH■ !■,C■FU■RZ M■IMDIF rFUIAIUS 
LK rY rV■r LV KrEOU ;LY■ FrY HrA■ r A■VS M■UUOIYG ■KK■FUk. r 
V■UEVY C■VILR KLV rY r4IA■ KrEOU ;LY■ ■,CV■MM■R IY UHLEMrYRM 
LK S■rVM FLEOR FrEM■ r GV■rU R■ArOErUILY LK UH■ ■MUIHrU■R 
VIMQ rM FLDCrV■R UL r KrEOU JHLM■ V■UEVY FEVA■ CV■RIFUM r 
Dr5LV ■A■YU IY LYOS 7ii S■rVM. IY ■IUH■V FrM■? UH■ Dr5LV 
■rVUH^ErQ■ FLEOR V■UEVY rU rYS UID■. RL YLU T■ FLYAIYF■R 
LUH■VJIM■«
MOLC■ MUrTIOIUS
rU UH■ LYM■U IU IM FLYF■R■R UHrU JIUHIY UH■ TLEYRM LK UH■ 
rV■ry Dr5LK! MI.LC■ IYMUrTIOIUS IM MOIGHU? ? HLE■A■V; UH■ 
! MHrVCOS VIMIYG ■rMU■VY KVLYU LK UH■ FrVMLY VrYG■ W JHIFH IM 
UH■ J■MU■VY TLVR■V LK UH■ UH■MIM rV■rP IM r CVID■ MLEVF■ rV■r 
KLV CLU■YUIrOOS FrUrMUVLCHIF VLFQ KrOO rYR OrYRMOIR■ ■A■YUM. 
UH■M■ ■A■YUM FLEOR T■ UVIGG■V■R TS OLFrO M■IMDIF ■A■YUM LV 
M■A■V■ J■rUH■V FLYRIUILYM LV r FLDTIYrUILY LK TLUH. UHIM 
CLMMITIOIUS IM T■&U MECCLVU■R IY ■AIR■YF■ TS r4r5LV HrMM 
JrMUIYG ■A■YU JHIFH LFFEVV■R LY MO45U■ DLEYUrIY 
3KVLYUIMCI■F■0. UH■ T■MU V■FLVRM ■MUIDrU■ UHrU UH■ FLOOrCM■ 
LK MOIR■ DLEYUrIY ULLQ COrF■ IY M■A■VrO ■A■YUM 3UHLDCMLY rYR 
JHIU■N 76:.<?Z DrUUH■JM?Z 76:20. UH■ HEG■ OrYRMOIH■ JrM UH■ 
V■MEOU LK UH■ ULUrO FLOOrCM■ LK UH■ MLEUH■rMU■VY KrF■ LK UH■ 
DLEYUrIY IYUL J■MU■VY OIUUO■ ArOO■S rYR Cr€M i7l LK JrMHL■ 
ArOO■S. IU HrM T■■Y MEGL■MU■R UHrU UH■ FLOOrCM■ JrM 




RETlJRN CURVFS W JC  PREDICT T E "EXPECTED" SEJSMIC ACTIV TY 
OF AH A.REt) OR FAIJL.T 7.0HE Cr)N A 1JF.: A VERY S~TTLH!G EFFEC •• A
RETURN Pf.RIClD FCH< h~VE FAULT ZONE E>:PRF.SSEI'l rn T .OUSMHIS 
OF YEARS COULD CAIJSE A REtH TJEVAI_UtHION OF HIF. EST H~TED
R S~ AS COiiPnRED TO '1 FAULT W OSE Rf.TURN CURVE PREDICTS A
HAJOR EVENT tH ONLY 100 YEARS, tH F.:tT ER CASE, T E HAJOR
EART QUAKE COULD Rf.TURN AT ANY TlHE. DO NOl BE CONVJNCED
OT ERl~ I SF.: ! 
SLOPE STABILITY 
AT T E ONSET T S tONGEOEO T AT WIT IH T E BOUNDS OF T E
AREfi r HA~IOf: SI.Dr·"E HlSlr'\F.:IL.ITY S 51.Im·iT, OWEVER, T E
" 
S ARPLY RIS H! EASTERH FRONT OF HIE CARSON RtiN E , WHIC S
T E l.Jf.STEFUI :<Of·:DEf: OF T £: T F.SJS AR.EAr S (: f·RHiE SOlmCE ~REf~
FOR POTENTIALL.f CrHASTROPHIC ROCK FAU. ANO tAl'iDSL. HJE F.IJHITS, 
T ESE EVf.NT3 COULD FIE TR G F.RET.t BY LOCAL ~; r::JSiiIC EVENTS Of:
SEVERE WEAT ER COHDITlOHS OR A COHBINATIOH UF BOTH, J IS 
POSSil<JLITY S 
WAST IN  E 1JF.HT
REST SllPf'Ot=:TF.D N F.VlJJFNCF. FIY (i ) iAJOR l'iASS 
WHIC OCCURRED OM SL~ MOUMTtUN f 
<FRCIHTJ SP IE.Cr), T F. BF.ST RF.CORDS EST Il'iATF. T!-:AT T E COl'..U-iPSE 
OF SL.IDE iifJ •JNT;"tH! TOOK Pl.AGE Hf SEVER~L EIJF.NTS < HIOiiPSON AND 
• . WHITE, 19b•H liATT E~!Sr • 1968) • T I: U E Lt':NDSLlllF.. WAS T E 
RESIJL.T OF T i: TOTAi_ COU.APSF. OF T F. SOlJT l::f.lSTERN FAt~E .OF T E 
• MOm!TMN HHG ~IESTF.RN LJ TTL.E Vhl.L F..Y (:ND PA ·:TS 01· or- ~JASHOE 
VALLE.(, ; T AS BEEH SIJGGESTEI) Hl~H T F: COLLAPSF. WAS 
fe:
CV■FICIUrUILY LY LA■VlMU■■C■Y■R rYR U■FULYIFrOOS KVrFUEV■R 
VLFQ JIUH 5LIYU CrUU■VYM CrVrOO■O UL UH■ MOLC■. rY ■MUIDrU■R 
62.- DIOOILY FETIF D■U■VM 37y^ DIOOILY FETIF SrVRM0 LK VLFQ 
JrM RIMCOrF■R UL UH■ ArOO■S KOLLV?■44t
LY r DEFH 4MDrOO■V MFrt.■N TEU CLMMITOS LK MIGYIKIFrYU 
IDCLVUrYF■ UL IYRIAIRErO HLD■ LJY■VMP IM UH■ FLYMIR■VrUILY LK 
UH■ MUrTIOIUS LK UH■ A■VS MU■■C KrEOU ■MFrVCD■YUM UHrU rV■ 
CV■M■YU IY UH■ UH■MIM rV■r TLUH IY UH■ GVrTKY FLDCO■, IY UH■ 
MLEUH■VY CLVUILY rYR rOLYG UH■ M■A■VrO MUV■rD T■LM IY TLUH 
UH■ YLVUH■VY rYR MLEUH■VY CLVUILYM LK UH■ rV■r. rRRIUILHrOOS‘ 
UH■ MUV■rD T■R TrYQM Y■rV UH■ J■MU■VY TLEYRrVS LK UH■ rV■r 
rV■ IY UH■DM■OA■M ^EIU■ MU■■C rYR CLM■ r MUrTIOIUS Hr;rVR UL 
UHLM■ HLD■M TEIOU A■VS Y■rV UH■ TrYQ FV■MUM.MOLC■ MUrTIOIUS 
CVIDrVIOS UrQ■M IYUL rFFLEYU UH■ CLU■YUIrO KLV VLFQ KrOO 
rYR1LV OrYRMOIR■ ■A■YUM LKr FV■■CIYG LV FrUrMUVLCHIF YrUEV■? 
MOLC■ MUrTIOIUS IM DLMU G■Y■VrOOS r KOIHFf5iY LK M■A■VrO 
KrF ULVMf IYFOERIYG.
7. VLFQ USC■ rYR FLDC■U■YFS.
y. V■OrUIA■ VrU■ LK FHrYG■ IY UH■ ULCLGVrCHIF MtmLC■ 
3FHrYG■ IY FLYULEV IYU■VArO0?
-. CV■M■YF■ LK 5LIYUIYG rDR1LV KVrFUEV■ CrUU■VYM.
<. rV■ZrO M■IMDIF MUrTIOIUS rM r UVIGG■VIYG D■FHrYIMD?
^. rR■^ErFS LK UH■ rV■rOkRVrIYrG■.
:. USC■lrYR R■YMIUS LK A■G■UrO FLA■VrG■. 4




PRECIP TATIOH OH OVER-STE:EPENEO AND TEC:TOHi:CAl.L."f FRACTURED 
ROCK l.JITH .JOHH PATTERNS PARALLEL. TO THE SL.OPE, <-1N ESTHiATED 
98 3 i'I LLIOH CUS C HETERS (125 M L.LION CUB C YARDS> OF ROCK 
l AS D  SPU-1CF.:I\ FLOOR. 
OH HUC  • Si'IAL.I.ER SCALE, 8UT POSSIBLY OF S GH FICAHT
IMPORTANCE TO IND VIDUAL OHf OWNERS, IS T E COHSJDERAT ON OF 
THI:: STAtnl TY OF T E VER"f STEEP Ff\lll.T ESCARPi'iEHTS T tH ARE 
PRESENT IN T E T ESIS AREA BOT  IN T E RABEN COHPL.EX IN T E 
SOIJT ERH PORTIOH ANO AL.ON  T E SEVERAL STREAM BEDS IN 80T
T E NOfH ERN f:ND SOUT ERN PORT Ot-!S OF T E Ar-:EA. (:fJTJJTIClt!f:LI..Y r
T E STREA~ BED BnNKS NEAR T ~ WESTERN BnUNDARY OF tHE AREA
-
ARE N T EHSELVES QUITE STEEP ~ND POSE A ST~BJLITY AZARD TO
T OSE: MOHES BUILT Vl::R'f NEAR T E: BANK CRESTS.SLOPE ST:'\Btl.ITY
PRIHARIL.Y H:KES H!TO (-1CCOlHH T E PCITENTH1L FOR ROCK Ff-1LL
ANO/OR LANOSUDE EVENTS OF :) CREF.PI,N OR C(-1T:'ISTRfJPHIC NATURE. 
SLOPE ST~BIL.ITY JS iiOSl ENERALI. Y f\ FllHCiJ Ji'! Of SEVERAL 
FAC fORS 1 NCLUDIN ; 
1. ROCK TYPE MHI COhr'ETnlCY. 
2. RELATIVF- RtHE OF CW\N E IN HIE TOPOGRAPHIC 
CCHltN E JN CONTOUR INTERVltL). 
3. PRESENCr:: Of .IOHITtN  Mf( /0R FRACTURE Pf1TTf.f;.HS. . . 
4. M~E(-1L SF.. I SH JC ST hB IL J Hr f.lS (: TR I GGER Irrn MECH AP. I SH. 
5. ADEQIJAC'f OF T ~ AREAL. " ORAINA E. 
6. TYPF. ·Mm TIENSJTY or- VE ET{~L COVER(-1GE. f 
7. iiAH- HOIJCED M .TERfH!ONS TO THE NATURAL STr'\B IUTY • 
KrFULVM ■,IMU IY rYV rR5rF■YU UL UH■ UH■MIM rV■r JHIFH JLEOR 
H■OC UL ■MUrTOIMH ■rFH LY■ LK UH■ rTLA■ rM r Y■GrUIA■ KrFULV. 
.UV. IMW .Ur R■A■OLCD■YU IY UH■ UH■MIM rV■r IM IY IUM■OK 
IYFV■rMIYG UH■ CVLT14OIUS LK r OrYRMOIR■ LV GVLEYR KrIOEV■ 
LK MLD■ USC■ KLV ■rFH LK UH■ rTLA■.
KOrMHKOLLRIYG
.Ur UH■MIM rV■r IM UVrYM■FU■R TS YL O■MM UHrY KIA■ 3^0 Dr5LV 
FV■■QM 3KVLYUIMCI■F■0 JHLM■ DrIY KOLJ MLEVF■ IM HIGH IY UH■ 
FrVMLY VrYG■. CVIDrVS KOLJ IM UH■ D■OUIYG MYLECrFQ rYR
VrIYMULVD VEYLKK? UH■ UH■MIM rV■r IM TLEYR LY UH■ YLVUH TS
UHLDrM FV■■Q. CVLGV■MMIYG MLEUHJrVR rV■ JHIU■M .K’’Kp 5LY■M 
.K’’Kp GrO■Yr FV■■Q rYR UH■ MLEUH■VY TLEYRrVS IM TVLJYM 
FV■■Q. UH■M■ KIA■ MUV■rDM KOLJ UHVLEGH r y<.- QD TS <.2 QD 
37^ TS - HE■0 rV■r 3HrCC■R UH■MIM rV■r 774..y MLErV■ 
QIOLD■U■VM LV <^ M^ErV■ DIO■M0? UH■M■ MUV■rDM rOO HrA■ UH■IV 
H■rRJrU■VM LY UH■ ■rMU MOLC■ LK UH■ FrVMLY VrYG■ rYR KVLD 
YLVUH UL MLEUH UH■ RVrIYrG■ rV■rM rV■ FLYU■VDt5;LEM. UH■ 
GVrRI■YU KVLD UH■ DLEYUrIYM IM ’X*K’c’)O' MU■■C tt4t. rVVIAIYG ^ 
IY UH■ UH■MIM rV■rf rYR ML UH■ CLU■YUIrO KLV RVrIYIYG r 
UV■D■YRLEM rDLEYU LK VEYLKK IY r MHLVU C■VILR LK UID■ UHVLEGH 
MEFH r MHrOO rV■r IM 275®U■ ■AIR■YU 3DrCM ^. rYR 2.0? rY
rYrOLGLEM FrM■ IY CLIYU IM UH■ KOrMH KOLLR LK UH■ TIG
UHLDCMLYl FrYSLYf FLOLVrRL LK 76fr 3DFFrIYm ■U rO. f 76f60.
UH■ KOrMH KOLLR UH■V■ JrM FrEM■R TS r MUrGYrU■R UHEYR■VMULVD 




FACTORS F..>:JST JN Mm hD~IACENT TO THE THF..S, S Ard:{-1 ~,1nr:.H t.JOLILI• 
ElP TO ESTABL SH EACH ONE OF THF.. A80VE AS A NE AT VE FACTOR. 
THAT JS, THE DEVELOPMENT IN THE T ESJS AREA IS I N I TSELF 
INCREASING THE PR~ ITY OF f' LAHOSL.  OE OR ROUND t:'lILURE 
OF SOHE TYPE FOR EACH OF THE ABOVE. 
FLAS FLOOO N  
THE T ESIS nREn S TRANSECTED BY NO LESS T AH FlVE (5) MAJOR 
CREEKS CFROHTISP ECE> W OSE HAIN FLOW SOURCE S G  N T E 
CARSOi'! RAN E'. PRIMARY FL W JS THE MELT NG SHOWPACK AHD 
RAIHSTORii RUNOFF, THE T ES S AREA rs BOUNO OH THE NORTH BY 
T Oli~S CREE-I\. PRO f:ESSJ N  .SOUT WAIW f-1RE '· ~JIH TES CREE , JOrff.S 
CREE , ALENA CREEK AND T E SOUT ERN BOUNDARY S BROWHS 
CREEK, T ESE F VE STRf.A ~S FLOW T ROU A 24,2 Kn BY 4.8 KM
(15 BY 3 MJLF..> hf<EA C APPED T ESIS AREA 11l, 2 SQUARE
KILOiiETERS OR 45 SQUARE iiILES>, T E8F.. STREAiiS ALL AVE T EIR
EADWATERS OH T E EAST SL.OPE OF T E C~r<sm1 RM! E Mm FROM 
NORT TO SOUT Hit ORfHNA(il:. AREt)S ARE COHT E: RnI} ous. T E 
RADIENT FROii T E MOlliHhrns JS E>:TREMELY SlEE'P L,J)ri,;L M:RIVH! ( 
IN T E T ESIS AREt,, AH)) SO nlE POTENTIAL FOR DRAIN'H!  A 
TREnENTIOLIS f'\HOlli'!T . OF RUr!OFF rn {·l SHORT PERJOD OF THi[ T F:Oll  
• SUC  A S ALL AREA IS ilJCTE EVIDEHT <MAPS 5. AHO 8,), AN 
1\NALOGOUS Cf'\SE JN POHH IS THE FU:SH FLOOJI OF THE B:t  
TMOiiPSOH· CAH"fON, COLORADO OF 1.97,~ CMCCf.lIM 7 ET 1\L.1 1.979), 
T E FLAS  FLOOD T ERE WAS CAUSED BY A STA HATED THLIHDERST~R M 






YLVDrOOS RVrIYM UH■ rV■r. UH■ V■MEOUIYG KOLLR JrU■V R■CUH 
TVLQ■ rOO CV■AILEMOS ■,IMUIYG V■FLVRM rYR? KEVUH■V? ■,F■■R■R 
rYS R■CUH ■A■V FLYF■IA■R UL T■ CLMMITO■. R■rUH ‘rYR 
R■MUVEFUILY UL C■VMLYrO CVLC■VUS JrM ■,UV■D■OS HIGH rYR UH■ 
JrVYIYG UID■ KLV ■A4rUILY JrM YIO?. UH■ RVrIYrG■ rV■rM KLV 











y6.- MV.QD. 5E.- MF.DI.0
<<.- 9 ! 37f.7 ! ! ‘
76.6 ! ! 5f.f ! 9 0
^i.^ ! ! 376.^ ! ! 0
<<.: ! ! 37f.y ! ! 0
722.: M^.DI? 5fy.2 ML.HI.0
7
KOrMH KOLLRIYG IM FOrMMIKI■R IY UJL FrU■GLVI■M. UH■ KIVMU? 
JIYU■V VrIY LV MYLJ IYREF■R USC■M JH■V■ ■,U■YR■R VrIYKrOO LV 
J■U MYLJ LV VrCIROS D■OUIYG MYLJ MJ■OOM MUV■rDM UL r CLIYU 
T■SLYR UH■ FrCrTIOIUS LK UH■ FHrYY■O UL FrVVS UJ■ VEYLKK. 
UHIM USC■ LK KOLLRIYG FrY T■ CV■R4UFU■R JIUH4rMEV■rTO■ 
rFFEVrFS? rYR IK UH■ rV■r IM MEMF■CUITO■ U30 UHIM USC■ LK 
KOLLRIYG LY rY rYYErO TrMIM? CV■AKYUrUIA■ D■rMEV■M FrY TK 
■MUrTO.IMH■R KLV rY LTAILEM T■Y■KIU? LY UH■ LUH■V HrYR? UH■ 
M■FLYR FrU■GLVS? UH■ KOrMH KOLLR? FrY LFFEV rU rYS UID■ LK 
UH■ S■rV rU rYS COrF■. IU FrY T■ IY UH■ KLVD LK r KrMU 
DLAIYG MEDD■V UHEYR■VM« LVH? r MUrGYrU■R IYU■I4M■ UHEYR■VMULVD 
LK FrUrMUVLCHIF CLVCLVUILYM 3TIG UHLDCMLY FrYSLY? FLOLVrRL?
_ ... 
68 
NORnAU. )' DRA NS THE MffA. THE RF.:SlJL T H!G FLOOD WATER DF.:F·T  
BROKE: ALL. PREV OUSLY E:HSTIN/3 RECORDS AND, FURT ER, E: CEEDED 
ANY DEPT  EVER COHCEI»ED TO BE POSSIBLE. 
DESTRUC rt OH TO PERSON''- PROPERTY W )S EXTREiiEL.Y G  ~NO T E 
WARNIN  TlHE FOR EVA .UATJON WAS NIL, . T E DRnJNA [ AREAS FOR 
EAC  OF T E FIVE: CREEKS H T E T ESIS AREA ARE S OWN . IN TABLE
s ; 
TABLE~. 
AREAL ORnINAAE C ART 
T OtiltS CF<EEI\ 29.3 sr..Kn. < 11, 3 SQ,HJ.> 
WHITES CREF.K 44.3 • • ( t . 1 • ) 
JOHES CF<fF.I\ 19.9 • I ( 7,7 • • ) 
ALENf) CREEK 30.5 I • (19,5 • I ) 
BROWHS Cf<EEI\ .-\4.b • I (1 ,2 • ) 
TOTALS 188.6 SO.iii, (72.8 SQ. MI.> 
FlllR FLOOnJN JS CLASSIFIED N TWO CATE ORIES. T E FIRST,
WHITER RAIN OR SNOW NDUCEO TYPES IJ ERE EXTENDED R!1INFAl.L OR
WET SNOW OR RAf-'JflL Y HF.L TIN SNOW SWELLS STRE~HS TO (~ POINT 
BEYOND Tl-If. CAPfYBll. n
T IS TYPE OF FLOODIN  
ACCURACY, AND F T E
OF Tl-IE . C AHNEl. · TO CARz··t T II: RUNOFF• 
Cl'H! BE PFiEPlf-TF.D WITH . :f: f.l.lRF.:AFIL.E ( 
ARU1 S SlJSCf.PTIBL.€ T T J.S T"fPF.: OF
FLOOnJN  ON AH AHHUAL BASJSr PREVFNTATJVE HEnSURES CAH BF 
. --
ESTtH<L) S En FflR AH Of.lVHHIS BENEFIT, ON TIIF. OT ER AH(I T E 
• 
SECOrm Cf\TF.Gorn·, . T F. FU~S  FLC1(1l), CMl or.cur-: (.:T M!Y THiE OF 
T E YEAR AT AHY Pl.ACE. IT CAN Bl: IN T E FORM OF A FAST 
MOVIN  SUMHER T UHDERSlOR r A ST~ HATED JNTE. SF T UNDERSTOl~H 




1976) T Z■ TZQf?f rZ NS.U DVSf QS■r ,G0 ■rEr■BZS■E ■rEIQ.SFy SF 
EUZ■. .r■9Y USyUQt PrE.■IT.SBr DQZIPSFy; ^I. NUSTU UZt ^r 
TVIErP ^t NSF.r■ Z■ EI‘Ur■ ^.Z■:EY
NS.UZI. V PZI^.^ .USE ?V■.STIQV■ UV<V■P .Z QSDr VFP ?■Z?r■.t 
SE .Ur ZFD NUSTU NZIQP ^r .Ur UZE. ■rVQSE.ST SF .r■UE ZD 
’■rVQ .S9r3 RVE Z??ZErP .Z ■r.I■F ?r■SZPE ZD .UZIEVFPE ZD 
trV■E DZ■ rV■.UHIVMrEA .Z .Ur ■rESPrF.E ZD .Ur yVQrFV .r■■VTr 
rE.V.rE EI^PSBSESZFO .Ur■r SE V ■rTrF. USE.Z■t ZD DQVEU 
DQZZPSFy SF .Ur V■rV^ VFP .Ur■r UVE ^rrF QZEE ZD QSDr VFP 
?■Z?r■.tO FrBr■.UrQrEE& .USE UV<V■P UVE VQEZ ^rrF SyFZ■rP .Z 
.Ur ?ZSF. .UV. .Ur .Z.VQ PSE■ryV■P DZ■ DQVEU DQZZPSFy SF .Ur 
PrBrQZ?9rF. ZD .Ur V■rV NSQQ ^r TQrV■Qt rBSPrF. SF .Ur 
rBVQIV.SZFO .Ur ?Z.rF.SVQ DZ■ QZEE Z: QSDr VFP ?■Z?r■.t Ur■r 
UVE SFT■rVErP P■V9V.STVQQt NS.U ■rE?rT. .Z DQVEU DQZZPSFy DZ■ 
ZFD ■rVEZF& VFP .UV. SE; .Ur ■V?SP ■rESPrF.SVQ PrBrQZ?9rF. 
VFP SFT■rVEr SF ?Z?IQV.SZF PrFES.t SE SF VF V■rV .UV. SE 
VQ■rVPt E?Z■.SFy V ?ZZ■ ■r?I.V.SZF DZ■ .USE UV<V■PO
.Ur UV<V■PE UVBr ^rrF SPrF.SDSrP DZ■ rVTU ZD .Ur ErBr■VQ 
TV.ryZ■SrEO SF .Ur rBVQIV.SZF ErT.SZF& TV■rDIQ r!V9SFV.SZF 7 
ZD .Ur DSyI■rE& .Ur ?UZ;Zy■V?UE VFP .Ur UV?E NSQQ 9ZE.
Tr■.VSFQt UrQ? .Z TQV■SDt .Ur ?ZEES^Qr DV■ ■rVTUSFy rDDrT.E
‘ W
.UV. rVTU ZD .Ur UV<V■PE3SE TV?V^Qr ZD TVIESFy ESFyQt VFP SF 
TZFWIFT.SZF NS.U rVTU Z.Ur■O
1
1976) r OF: COUPL Ef1 ~IJTH FAIi.URE OF RF.SF.f.:VOIRS RESLILTHIG Ir! 
SHORT TERib HIGHLY OF.:STRlJCTIVE FI.OOOING, BUT WHICH iit'l'f BE 
CAUSED BY WINTER OR SUHliER STORliS, 
--Jv 
WITHOUT A DOU8T, THIS PARTICULAR HAZARD TO LIFE AHO PROPERTY 
IS lHE CIHI: · WHICH WOULD FtE THE liOST RE(U.ISTJC IN TERliS or-
• REAL TIHf. I ( AS OPPOSED TO RETIJRH PER mos OF THO JSANDS OF 
YEARS FOR EARTHQUA~ES) ·TO THE RESIDENTS or- THE GALENA TERRACE 
ESTATES SUBOIVI~IOH, THERE IS A RECENT . HISTORY OF FLASH 
FLOODING IN THE AF!E", (~HD THERE H'1S BEEN LOSS OF LIFE MID
PROPERTY, NEVERTHELESS, THIS HAZf\RO HAS ALSO BEEN IGNORED TO
THE POINT THAT THE TOTAL DISREGARD FOR FLASH FLOODING IN THE
DEVELOPriEHT OF THE ARE:"\ WILL 'BF. CLEARL .f E'JtOENT HI THE
EVALUATION. THE POTEtnihl .. FOR LOSS or• LlFE (:ND PROPERTY HERE;. . 
Ht'\S INCREASED ORAi-hHICALL. .f !HTH Ri::SPEC:T TO FLl'\SH FLOllOING FOR
ONF. REASOIH _MIII THAT JSr THE RAF'lD RESJIIENTHll. DEVl:LOP!iENT
AND INCRF.f\SE HI POP JL.f\TIOH OF.Nstrf IS HI AN AREA Hlr'iT IS 
ALREADY SPORTING A POOR REPUTATION FOR THIS HAZARD. 
THE HAZAROS HAVE 8EEN IDENTIFIED FOR 
CATEGORI S. IN THE EVALUATJOH SEtTIOHr 
EACH OF T) E SEVERAL 
CAREF~>:AnHU.iT Hir! ( . 
OF THE FinURF.S, THE PHO roGRAPHS AHO THE HAPS WILL iiOST 
CERT"INLY HF.LP TO Cl. f\RIFY THE POSSJ l:ILE FM: F:Er'.1CHH!G EFFECTS 
• 
THA'f EACH OF THE lrnZARDS4 IS CAP;.)81.E OF CAIJSH!G SI?-!f.ll.'( MIO IN 















M■IMHIF Hr;rVR l VIMQ ■ArOErUILY
UH■ M■IMHIF Hr;rVR IY UH■ UH■MIM rV■r MIHCO.S IM UHrU UH■ 
UH■MIM rV■r LA■VO4■4UH■ Hr5LV MI■VVr Y■ArRr KVRHUrI.Z KrEOU. 
UH■ KrFU UHrU UH■ KrEOU FrYYLU T■ M■■YW TEU IM IY KrFU UH■V■W 
IM TLVY■ LEU IY HrYS LUH■V MUERI■M LK UH■ V■GILY. KIGEV■M 2, 
rYR -. MHLJN JIUH UH■ rIR LK r■VIrO CHLULGVrCHS1 FLYUVrMU. 
rYR MEY1MHrRLE ■YHrYF■D■YU UHrU UH■ UH■MIM rV■r IM YLU r 
YrUEVrOOS U■VVrF■R rV■r IR■rO KLV METEVTrY R■A■OLCD■YU LK 
HLD■M JIUH GV■rU AI■JM. TEU VrUH■V rH rV■r R■YM■OS OrF■VrU■R 
JIUH YLVDrO KrEOUM? ML LTAILEM rV■ UH■M■ KrEOUM UHrU LY■ LK 
UH■ MUVEFUEV■M 3KIGEV■ y.0 IM r FOrMMIF DIYIrUEV■ GVrT■Y. IU 
IM rOML IDC■VrUIA■ UHrU LY■ ■DCHrMI;■ UH■ KrFU UHrU UHIM 
KrEOU FLD0.■, IM FLYUrIY■R JIUHIY rY &I.OEA.IrO A■Y■■VP M■A■VrO . 
HEYRV■RM LK K■■U UHIFQ 3UHLDCMLY rYR MrYRT■VG1 76^T0 rYR 
EYR■VOrIY TS GVrYttIF rYR U■VUIrVS ALOFrYIF T■RVLFQ. UHIM IM 
CVLTrTOS UH■ JLVMU CLMMITO■ FLDTIYrUILY LK M■IMDIF rFUIAIUS. 
Dr5LV T■RVLFQ KrEOU DLA■D■YU FrY ULMM LA■VOSIYG GVrA■O 
A■Y■■VM IY r DrYY■V MIDIOrV UL MHrQIYG MrYR KVLD r VEG. ■A■Y 
IK UH■ M■IMDIF rFUIAIUS J■V■ V■MUVrIY■R UL UH■ t.KOEXt. LK KrEOU 
FV■■C1 UH■ IYFLDC■U■YU YrUEV■ LK Ue.OetO)VG.VPGF EYMLVU■R 7 
M■RID■YUM HrQ■M IU CVID■ KLV GVLEYR KrIOEV■. MOIRIYG. FrAIYG. 
■rMS ■VLMILY1 rYR YLVDrO KrEOUIYG rM HrM LFFEVV■R H■V■ 
3KIGEV■M tr rYR 7^.0. Z
UHVLEGHLEU UH■ V■GILY LK J■MU■VY Y■Ar€r rYR ■rMU■VY 
FrOIKLVYIr1 DrYS MUERI■M HrA■ T■■Y FLDCO■U■R IY UH■ V■rOD LK 




SE I Sli IC HAZf-11U1 - RI SK EVflLl:IAT IOr! 
THE SE Si C AZARD IH THE: T:-IESIS AREA SiiiPL."f IS n1(1T THE 
T ESIS (~RE(-1 F nAJOR SIERRA NEVADA FROHTAt FAULT, 
T E FACT THAT THE FAULT CAHNOT BE SEF.H, 8ijT IS IH FACT T ERE, 
IS BORNE OUT JN nAHY OT ER STUDIES OF T E RE IOt!, FIGURES ,
ANO 3 SHOW1 WITH T E A D OF AER AL PHOTO RAP Y  CONTRAST, 
ANII SUN/SHADOW F.tHIAr!CEnfNT T AT T E T ESIS f'.\RF.:(~ JS NOT A
NATIJRAL.L.Y TERRA.C:F.:D AREt) OF.:f)L FOR SUBURBAN OEVELOF'r!EHT OF 
OnES WIT  REAT VJf.WS r ~UT RfiT ER f-1  i\f~EA ItENSH Y U-1CERATED 
WIT NORHAL FAIJl_rs. so OBVIOUS ARE T ESE FAULTS T AT ONE OF
T [ STRUCTURES (FIGURE 2,) JS A rLASS C li NJATURE RABEN, T
S ALSO HPERAT VE Tl-lfH OHE EiiP:-IASIZE T E FAGT Hl~T T IS
. .. 
FAULT COnF'I.E>: S C:-Oi'!TAJNETJ ~ll.T H! M! (iJ LlJ\'H1L VOffERr SEVERI'\!..
I • 
UNDREOS OF FEET T ICK < HIOiiPSON AHO SM!OBER  1 t 95R) AiHt
.. 
UNDERU-iIN fcY F<M!-Il JC Mm TERT ARY ·voLCf.ir!IC BETIF:OCK, T IS S
PR08A8L.'f HIE WORST POSST.BLF.: COHBH!flTlOH OF SEISHlC ACTIVITY. 
MAJOr, RF.DROCK FAULT li0\1EnENT CAI'! TOSS OVERLYIN  R,WF.L 
VENEERS 1H r. H:)NNER Sli'HU1R TO S AKINf, SAND FROM A RIJG, E'JEN 
IF T E SF.ISIHC ACTIV-JTY IJERE RESTRAINED TO T E ;:,;:J Of" F .Lt\. T 
CREEP, T E INCOMPETENT NATIJRE OF IJNCOHSOLID~, UNSORTED 1 
SEDlliENTS tiAKES IT PRiliE FOR cmo1rnn Fl:tJLllRF.r SL.IDH!Gr C: VJt!G, 
EAS "f EROS IO~b Min NORMM. FAUL TIN  · flS Hf.IS OCCURF:F.O ER E 
( F J mm ES l 4 M!fl l 5 • ) , • 
T F:Oll HOUT T E RF.  JOr! OF WESTERN NEVAp A AND EASTERN 
CAI. CFORHI:)1 iiAIH ~TIJJHES H:WE BEF.H COMPLETED. HI THE REALM OF 
GEOLO Y SEJ f.ii ICJTY , T F. REGIOH RF.:LfHI Vfl '( 
KIGEV■ 7<Z
O■G■YR
MLEVHEl^r UH■MIM rV■r LA■VOrS
Dr5LV R■A■OLCD■YU JIUHIY UH■ GVS;T■Y FLDCO■, IM R■CIFU■R. 
DLMU LK UH■ HLMU LTAILEM KrEOU MFrVCM rV■ MHLJY. UH■ LA■VOrS 
MUVIQIYGOS TVIYGM UL OIGHU UH■ ULUrO RIMV■GrVR KLV UH■ 
Hr;rVRM IY COrYYIYG UHIM C■A■OLCD■DU. TLUH M■IMDIF rYR KOrMH 
KOLLR CLU■YUIrO CLM■ JHrU MHLEOR HrA■ T■■Y A■VS LTAILEM 

















m.. • h. )F- '
i.)
LY■ LK UH■ T■MU ■,rDCI ■M LK r RJ■OOIYG REG IYUL
7
r HLD■MIU■ TEIOU IY r MHrUU■V ;LY■ rYR OIU■VrOOS IY UH■ 
T■R LK 5LY■M FV■■Q.
5.0 RrU■ LK UHIM CHLULGVrCH IM 76f2.
-.0 UHIM rV■r IM UH■ GrO■Yr U■VVrF■ ■MUrU■M R■A■OLCD■YU.
(
72 
F GURE H. 
I 
LEBEND 
SOlJl'iL.'N T F.SIS ARE'A O\.'F.RLAY 
M~.JOR DEVF.LOPiiEtH l,J IT H T E RABEH COiiPLE:< S OF.:PICTED.
MOST OF T E OST ORVJOllS Ff.llll.T SCARPS hf<F. S OWr!. T F. OVERLAY
STR K NGLY 8R N6S TO L T T E TOTAi_ D SREGARD FOR T E
AZARDS N PUtt-!NIN T IS IlEVFLOPiil:N.T, ROT  Sl:1 SHIC f.tl-H1 Fl.AS
FLOOD POTEHT AL. POSE W AT S OULD UAVF.: BEEN 1JER.f OBVIOUS
DAN ERS TO T E POPLILATJOH MHI HiF'ROl.1ED PROPERTY. 
a.> (SEE FIGURES s. ANO 19~~ , b., and c.) 
1•ROJfABLY Ot!E OF - T E BEST F.>:AH-PI F.S OF · h flWELL.IN  TJU NTO 
 FAIJLT SCf\RP. 
.) <SEE FlGllf<E 20.> 
 (SEE FIGURE 22. > 
.) <SEE FIGlJF:F.S '27c. , cno b. > 
 <SEE FIGURE 26. > • 
.  <SEE FJGUF:ES 2R~. itnd b.) 
s ) (SF.I:. FIGURE 23. > 
 ( REE Fl GUF:E' 2 4. > 
.> <S ~ E FIGURES 29a. and. b .) • 
) 
A OHESITE BlJIL T N t\ S ATTER · 7.0NE M!D L TERM.l.Y JN T F.
BEO OF JONE S CREEK , 
J,) DATE OF T IS P OTO RAP S 1978, 
f 
k, ) T  IS AREA S T E AL.EN:"! TERRA'::E ES T·:"lT F.: S DE 1.IELOPiiF.MT, 
.( 
mm:-
^r/7^ ■ ■ :
.-'i-' ■ ■5'f: '*:■
■ ;ViJ















YLVUH■VY UH■MIM rV■r LA■VOrS 
-
UHIM rV■r JrM UH■ KIVMU CrVU LK UH■ UH■MIM rV■r UL T■ 
R■A■OLC■RP rYR LY rY IYRIAIRErO TrMIM VrUH■V UHrY IY Hr5LV 
R■A■OLCH■YUrO MUSO■ rM HrM T■■Y UH■ FrM■ IY UH■ MLEUH■VY 
CrVU? Y■A■VUH■O■MM. UH■ MrD■ ■VVLVM HrA■ T■■Y HrR■ IY 
RE■OOIYG OLFrUILY JIUH V■MC■FU UL UH■ Hr;rVRM LK M■IMDIF rYR 
KOrMH KOLLR CLU■YUIrO.
j. 0 3M■■ KIGEV■ ML.0
“. 0 3T■■ KIGEV■M rYR N^.0
j. 0 3M■■ KX0EV■ <j.0
YLU■ UH■ rCCrV■YU YLVUH■VOS DIGVrUILY LK UH■ UHLDrM FV■■Q 
FHrYY■O.
c. 0 3M■■ KIGEV■ <.0 !
KOrMH KOLLR rYR M■IMDIF VIMQM H■V■ CEU UHIM4■OOIYG IYUL 1
r A■VS CLMMITO■ MUrU■ LK RLETt.■ 5■LCrVRS? 
e.0 RrU■ LK UHIM CHLULGVrCH IM 06fT.
... 
 llfff 1 , 
 
NORT ERN T ESIS AREA OVERLnY 
T IS ARl:-:f) Wf)S HII::
DEVELOPFD r MHJ OH 
DEVELOP~EHTAL STYLE
PART, NEVERT ELESSr
F RST PART OF T E T ESIS AREA TO BE
Ml  Nfll VJ DUAL. flhS:C S F:(i T ER T Ai'I JN l'iP.JOF: 
AS AS BEEH HIE CASE Hl T E SOUT ERN
T E SAHE ERRORS AVE BEEN ADE JN
DWl::LLI N  l.OCfH IOH 1,J T R£SPECT TIJ T E Mf.lZAROS OF SEtSrl t C AND
FLAS FLOOD F'OTnnlM • 
a,> (SEE FIGURE 30,) 
b, > ( SEE F JGLJF:ES ~h, M!It ;>5, > 
c,) (Sf.F. FIGURE 4c,) 
NOTE T E hPF'ARENT NORT ERLY hlGRATlON OF T E T O~AS CkEF.~
C ANNEL, 
d, > C Sf-_F. F H,LIRE -1, > · 
FUiS FL.DOD MlD SE I Si-i Ir: RI sr-:s F.RE F'lJT T J S W[LLJ NG HIT O 7 
A V£RY POSS I BL~ ST rHE OF DIJIJBL.E JF.:OPARfJY, 

















UZUZeErFrZIEW .Ur■rDZ■r& NUV. UVE UV??rFrP SF ZFr V■rV SE SF 
9ZE. TVErE TZ9?Qr.rQt V??QSTV^Qr .Z VFZ.Ur■ V■rV& VF^ .Ur 
.UrESE V■rV MS.E SF.Z .USE TV.ryZ■tO VF V■rV ^ZIFU ^t 
?t■VUe‘ QVMr& NVQMr■ eGTTRcIk;GUF TVQSDZ■FSV& VFP HISFTt 
TVQSDZ■FSV 9VE ^rrF E.IPSrP NS.U ■rE?rT. .Z E9VQQ 
rV■.UHIVMrE& VFP .Ur r?STrF.■VfO QSFrI?E VFP .UrS■ Vy■rr9rF.E 
NS.U UV??rP rVIQ.E EIyyrE. .UV. .USE V■rV UVE V USyU 
?Z.rF.SVQ DZ■ QV■yr rV■.UHIVMrE SF .Ur DI.I■r R■tVSOQ& GLllAO 
.Ur .UrESE V■rV SE NS.USF .Ur ^ZIFPE ZD .UV. E.IPt V■rVO 
■tVSOQ VFP IVF IZ■9r■ 5GL^,A E.V.r .UV. .Ur rE.S9V.rE DZ■ 
9V!S9I9 r!?rT.rP ■STU.r■ 9VyFS.IPrE SF .Ur ESr■■V FrBVPV0 
y■rV. ^VESF ^ZIFPV■t <ZFr REFy^lA EZI.U Z? ^SEUZ?& TVQSDZ■FSV 
SE 9 bj KY, Z■ y■rV.r■& VFP DZ■ .Ur ^ZIFPV■t <ZFr FZ■.U .Z 
EIEVUBSQQr& TVQSDZ■FSV SE B * lOC .Z lOKO .Ur .UrESE V■rV SE 
r!VT.Qt ZF .Ur ^ZIFPV■t <ZFr VFP VE.■SPr .Ur ESr■■V FrBVPV 
D■ZF.VQ DVIQ. ^r.NrrF ^SEUZ? VFP EIEVFBSQSOrY ■tVSOQ VFP ■tVSOQ 
RGLK,A E.V.r .UV. .Ur ErSE9STS.t ZD VF V■rV NS.USF .Ur EFy^1 
?■rTrPSFy QV■yr rV■.UHIVMrE 9SyU. ^r r!?rT.rP .Z PSE?QVt ZFr 
Z■ 9Z■r ZD .Ur DZQQZNSFy&
GO V 9ZPr■V.r QrBrQ ZD ErSE9STS.t TZF.SFIZIESO t-rZ■ ErBr■VQ 
PrTVPrE ^rDZ■r .Ur 9VSF EUZTMO
1O VFZ9VS ZIE TfOIE.r■SFy ZD VTSSBS.t SF .S9r VFP E?VTrO
XO VfO.r■FV..Fy ?r■SZPE (IF HISrETrFTr DZQQZNrP ^t SFT■rVErP 
VT.SBS.t SF .Ur BSTSQJt ZD .Ur S9?rFPSFy 9VSF EUZTM& VFP-Z■
sO V ESyFSDSTVF. SFT■rVEr SF ErSE9STS.t .U■rrJ9ZF.UE ^rDZ■r 
.Ur 9VSF EUZTMOI 
76 
HOriOG N .OIJS 1 Tiff RE FORE 1 IJHfH i-lf)S HAPPENED IM O~ .: AREA J. S IN 
HOST C~5ES COliPl.F.TFl. Y ~PPL.I CABLE TO (-iNOTHER M ;H1 r {1ND THF 
THESIS AREA FITS INTO THIS cnTEGURY, AH AREA BOUND RY
PYRAHI}) U-11\Er ~JAU;ER LM: . , BRITIGEPOf<Tr Cf-11.JFOfmI~r M!D C: JHICY 
CALIFORHIA MAS BEEN STIJDIE[t WITH RESPECT TO SMALL 
EARTHQUAI\ESr AND THE tPICENTRAl. I_JNEUPS AND THEIR AGREEHENTS 
WITH i'IAPPED FAUi_ TS SUGG£ST THAT THIS AREr) HAS A HIGH 
POTENT H\l. FOR LARGE Ef.if-:THQUAI\ES IN THE FUTLIRE C RH:LL r 1977) • 
Tl-IE 
RY~LL




THE BOUNDS OF THAT STIJ[t"( AREA.
ST(-iTE THAT THF ESTiliATF.S H1F: 
HAXIMU~ EXPECTED RICHTER MAGHlTIJDES IN THE SIERR~ NEVnDA-
GRE(-iT llASJ N BOllt!flAF:Y 7fJt!E (S~!GRZ> SOUTH or- BI SHOP J Chi.I FOf-:r-!I 1)
IS rt 8. {) OR GRErHF.R 1 Mltl FOR Tl-IE BnUMDAR "( ZONE NORTH TO
SUS·AH\.1Jl.l.F.r CM. IFOf<NIA IS '"'ti =: 7 5 TO 7,B. THE THE SIS M:EA JS
EXACT!_'( ON THE BO JNDAR "( ZONE AHO f)STRIDF.: THF.: St F.RR:) NE 1JADA 
FRONTAL. Ff\Ul T RETlffEN f!JSHOP Mm SllShNVJI.LE, RY{:LL Mm RYl'iLL 
(1980) STATE THAT THE SfISHICCTY OF AN AREA WITHIN THE SNGBZ 
PRF.CF.T.IJNG u:r,GE EAr-:THQUAr:F.S ti!GMT BE F.>:f'ECTED TO T.ll SPLAY ONE 
OF< MORE OF THE FOLLOIHNG; 
1 • LEVEL OF SFISliJCJTY NIJOIISI. y). sn•ER!,L 
DECADES BEFORE THE HAIN SHOCK, 
2. M!OliAI OIJS C.l.LISTEF:H!G OF r'-iC"I nn: TY Hi Tl liE M!TJ 5PM-E. 
3, Al . T F.: RN:'H tNG PER mos ciF Ql.JtESCENCE FOLLOWED I:i-f INCRF.!\SED 
I 
ACTlVJTY JN THE V:CCHft-'(Y OF THE Jlif-·F.NTHNG n li H! SHOCKr M!D/OF: 
4. A StGNI F tCAHT INCREASE I N SiISMICCTY THRE ~ MONTHS BEFO RE 
THE riAJN SHOCK, 
ff
■tVfOfO DI■.UDO■ E.V.rE .UV. TQIE.r■SFy ,G0 DOV■.UTQSVMDE SU .Ur 
EFy^< SE TUV■VT.r■SE.STJ VUP V DQI■■t ZD 9ZPr■V.r rV■.UHIVMrE 
E.V■.SFy SF .Ur DVQQ ZD GLl^ VDDrT.rP .Ur rF.S■r ?ZI;WPV■t 
<ZFr D■Z9 PZtQrl TVQSDZ■FSV T.U■ZIyU .Ur .UrESE y■rV. .Z
k
ZNrFE BVQQrt; EZIJiJ ZD ^SEUZ■; TVQSDZ■FSVO VPPS.SZFVQfOtO 
■r?Z■.E ZD VF SFT■rVEr SF ■VPZF r9SEESZF SF NV.r■ NrQQE VFP 
PrBSV.SZFE SF ■r?rV.rP QVEr■ 9rVEI■r9rF.E V. E?rTSDSrP ES.rE 
EUZNrP TUVFyrE SF .Ur ■rySZFl F0E TZ9?■rEESZF VFP r0N 
r!.rFESZFO VQQ EIyyrE. TUVFyrE .UV. TZIQP T■rV.r DVBZ■V^Qr 
TZFPS.SZFE DZ■ QV■yr EUZTME VFtNUr■r SF .Ur ■rySZFVQ <ZFr l 
FZ. FrTrEEV■SQt SF VF V■rV ZD VFZ9VQZIE Z^Er■BV.SZFO BVF 
NZ■9r■ VFP ■tVfOQ RGLK,A TZFDS■9SFZQt E.V.r .UV. WIE. EZI.U ZD 
■rFZ SE VF V■rV ZD D■rHIrF. rV■.UHIVMr ENV■9E ES9SQV■ .Z .Ur 
VPZ^r USQQ BZQTVFST TrF.r■ NUr■r 9ST■Z rV■.UHIVMr VFP EUVQQ 
rV■.UHIVMr D■rHIrFTt SE Br■t USyUO .Ur ENV■9 SE QZTV.rP SF V 
EUV..r■ <ZFr NS.USF VFP V■ZIFP V MFZNF yrZ.Ur■9VQ ■rEZI■Tr 
V■rV ;OE.rVF^ZV. E?■SFyE VFP .Ur .UrESE V■rV«Y
EQrUU,FEl r. VQY l R5Lss)l EQrUUZFEl D. VQY l RGLsCAl EfOrUUZFE 
RGLVlA; ^ZFSQQV RGL;lAe WZFrE RGLlC#O VFP GLls2OA^ ■tVfOQ
RGLllA l E9S.U V9P ■tVfOQ RGLK,A l JVFDJtVQOQ VFJtVQOfO RGLK,A i_l
UVBr TZF.■S^I.rP ESyFSDSTVF. ?V?r■E SF TV.VQZySFy .Ur EDSE‘ST
rBrFSE ZD .Ur NrE.r■F FrBVPV 0 rVE.r■F TVQSDZ■FSV ■rySZFO
.V^Qr3 sO EUZNE ESyFSDSTVF. ErSE9ST rBrF.E SF .USE ■rySZF
NUr■r EI■DVTr ■I?.I■r UVE ^rrF V ■rEIQ.O .UrEr V■r Er■SZIE
rBrF.EJ VFP UVP .Urt ZTTI■■rP 9ITU TQZEr■ .Z 9Z■r PrFErQt
-
?Z?IQV.rP V■rVE l .Ur ■rEIQ.E TZIQP UVBr ^rrF TV.VE.■Z?USTO 
■tVfOQ VFP PZIyQVE R GLlXA l PZIyQVE VFP ■tVfOQ R GLlCA l ■tVfOQ
,; 
Tl 
RYl'\U. FURTHER S"ff.\TES THhT Cl.liSTERH!G OF F.M:THC!UAr:FS Ji-! THE
SNGBZ IS CI-IARACTERISTtG, AHD A FLllRR "f OF MODERATE EARTHQUAKES
STARTING IN THE FALL QF 1978 M"FECTF.D THE F.l'!TIRE f!OIP DAF:Y
ZOHE FROii DO"fl..E1 CALIFORHh) (THROUGH THE THESIS AREAl TO . 
OWENS VALLfYs SOUT or- f!ISHOP f CALI FORNI {-I. {~DDHIOr!ALL.Y,
REPIJRTS OF AH INCRF.:M>E IN R:'\OOH EiHSSION IN WATER WELLS AND
DEVIATIONS IN RF.PF.flTED LASER tifflSIJREriF.NTS i~T SF-"F.CIFIED SITES
SHOWF.D CIMNGES 1N HIE REGIOl'h H-S COMPRESS toH Al'!D E-W
EXTENSION. M.L. SLIGGF.ST CHANGES THAT CO JL fl CREATF. Ff.!VORt'\Bl.f
CONOITIOHS FOR LARGE SHOCKS AN"t"WI-IERE IH THE REGIONAi_ 'ZONE,
NOT NECF.SSflf<J LY IN M! AREA OF M!OtiALOIJS C•IlSF.F:VAT ION. VM!
WORMER flND RYAL.I. C 1.981)) CONFIRMINGt: f STATE THAT ,JUST SOUTH OF
RENO IS AN {-IREA or FREQLIF.NT FhRTHQUAKE SWARtiS SJHILAR T(l THE
c- ADOBE HILL. VOl.CANIC Cf.1-ITF.f< WHERE iHCRO ··EARTHQUAKE: MID SMALL
EA~THaUAKF FREQUF.NCY JS VERY HIGI~. THE SWARH IS LOCATED IN A 
SHATTER ZONE \,Jl TH rn hNtr AROUND fl i<:l'•!OWN GEOTHERMAL RESOURCE
ARF.(-1 [STEAMBOAT SPRINGS ~ND THE THESIS AREA]. 
SLF.MMOHS, ET AL,, Ct 9.S •l) 1 SLEMMONS, ET AL ,, ( 1965 >, SLEMMONS
C 1 9 6 7 ) r fl ON I LL A C l- 9 6 7 ) r J Ot!E S < l c; 7 5 c1 • Mm 1 9 7 ' b • ) r RY f\ L L 
(1977>, SHITH Mlf.t R"fM.L (198•)>, AN[1 "fAl.i_ ANrfAL.L. (1.980> '7 
HAVE COHTRIIlLITED SIGNIFICANT PnPERS IN CATnLORJNG THE SfJSHIC 
E IJ F. 1-1 TS OF T :-1 F. IJ ESTER M NF. 'Hi (1 {\ - E Mn ER N CAL 1 FOR IH A REG 10 N , 
TAI<I.E" b. SHOW~ SIGNIFl(-ArlT SE ISnIC EVEi'i TS IN THIS REGJni'! 
WHERE SURFACE RUPTURE -H~\S BF.EN :'l Rf.S JL.T. THESF. AF:E SF.R'[()US 
EVENTS r . fl ND HAD THF.Y !1r.CUF:RFD i'iUCH CLOSER H J liOT,E Tl[NSEL Y 
f 
POP JLATFD ARF.f\S, THF.: RF.S JLTS CO JI.D HAVE P.F.F.M i'.:IHfiSTRIJPHIC,
RYhLI (:i'1TI [lflUGLt.S (1973 )f [lflllGUiS · MIJ) R·1·11U. (1975 )1 RYr':LL 
!!
A
376ff0 f GOrMM rDR MO■H0LYM 376f20 f VSrt.O rDR ArY ELVD■V 
3762i0f rDR MO■HHLDM 3762i0 HrA■? EMIYG D■UHLRM MIDIOrV UL 
UHLM■ CV■M■DU■R TS HrSM 3762i0? HrR■ MIGY;K;FrYU CVLGV■MM IY 
R■U■VDIYIYG ■rVUHLErQ■4V■UEVY C■VILRM4 KLV RIKK■V■YU ■‘!C■FU■R 
VIFHU■V DrLYIUER■ ■’Js IY UH■ J■MU■VY Y■ArRr V■GILY. VSrOO 
RGLllA MUrU■M UHrU UH■ M■IMDIF FSFt.■ LK rY ■A■YU D l f LV 
GV■rU■V FrY T■ LY UH■ LVR■V LK UHLEMrYRM LK S■rVM? rKU■V­
MHLFQM PLK ArVSIYG DrGYIIER■MI OrMU KLV rTLEU 7ii S■rVM? rYR 
UH■ rV■r MUrTIOI;■M? UH■Y KLV■lMHLFQM TEIOR KLV M■A■VrO 
R■FrR■M? KLOOLJ■R TS rYLUH■V D l f LV GV■rU■V ■A■YU. TOrMM 
rYR MI.■HHLYM 376f20 MUrU■ UHrU IY rMM■MMIYG ■rVUH^ErQ■ 
Hr;rVRM ... ‘V■F■YU ■,C■VI■YF■ HrM MHLJY UHrU MEVKrF■ 
KrEOUIYG FrY T■ rMMLFIrU■R JIUH V■OrUIA■OS MHrOO MHLFQM rYR 
rM■5M0IF FV■■C UUH■MIM rV■rRy HLJ■A■V? HLMU RLFED■YU■R 
MEVKrF■ VECUEV■ IM rMMLFIrU■R JIUH OrVG■ DrGYIUER■ ■A■YUMZ ? 
rYR? KEVUH■V? r■VIrO CHLULGVrCHS FLECO■R JIUH M■O■FUIA■ MEY 
rYGO■ COrSM rY IDCLVUrYU CrVU IY R■U■FUIYG MEVKrF■ KrEOUIYG 
IY LVR■V UL DLV■ UHLVLEGHOS R■KIY■ UH■ CLU■YUIrO Hr;rVR rYR 
■ArOErU■ UH■ VIMQ. r■VIrO CHLULGVrCHS LK V■OrUIA■OS HIGH 
FLYUVrMU IM EM■R IY rIRIYG IY UH■ R■U■FUILY rYR 4ArI ErUILY 
■YR■rALVM rU UH■ PfViEHR O■A■O? rM MtIGG■M4KR TS GL;yOUS? ■U rt.. 
376f20. IU F■VUrIYOS HrM T■■Y ■DCOLS■R IY UHIM MUERS rU UH■ 
GrO■Yr U■VVrF■ ■MUrU■M METRIAIMILY. rVVrSM LK FV■■C
DLYIUL‘!tYG ■^EICD■YU FLgX.R T■ IYMUrOO■R EMIYG UH■LRLI.IUIF 
3HIGH LVR■V LCUIFrO MEVA■SIYG0 U■FHYILE■M UL R■U■FU FV■■C 
rFVLMM UH■ GVrT■D IY A■VS MHrOO HrGY ■UER■M O■M4M UHrY LV ■^ErO 
UL 4XPW1S■rV rYR ■MC■FIrt.t.S rKU■V ■rVUHFErQ■ ■A■YUM IY rYR 




C 1977 >, U'iSS MID SLEiiiiONS < 1978 ) , RYAl L AMD VAN WURi'IER 
< 198(• >, ht!TJ SLEliriOt-!S C 198(,> AVE, IJSJNG NETHOJJS S Hi I L.M: TO 
THOSE PRESF.HTEO rn flYS < 1980) , MADI=: SIGN [FI CANT PRO RE .S ,-_, IN 
DETERhH!Hm FMnHC!UA~:E RET\IRN F'ER OJJ s1 Ffm D FFERENT n ; PECTF.D 
R CHTER nAGH TIJDE EVE TS IH T E WESTERN NEVADA RE IOH. RYALL 
C 1977) SThTES T AT · T E SE Sl'i C CYCI. E OF Ml F.VEHT H :c 7 OR 
REAT£:~ CAN BE OH Ti-It. OROER OF HIOUSAMDS OF ·,EARS, AFTER -
S OCKS [OF VARY N  NA HillJDESJ LAST FOR ABOUT 100 YEARS, AND 
T E AREA STflBIUZES, T EN FORE-SHOCKS BIJ L.O FOR SE'JERAL
DECMJES, FOI.LOWF.It flY MlOTHF.R ti :e- 7 OR r·:Ef~TER EVENT. GU1SS
AND 51.ErlnONS < 197,~ > STATE T AT HI flSSESS IN EART QUAKE
AZM:DS • RECENT EH"F.RJENCE AS S OWH T AT stmFACE
FAIJL TI N CAH BE ASSOC A TEO IJIT REL:'IT VEL."( S ALL S OCKS AND
ASF.JSiiJC CRFEP rT ESIS M :El'\Ji OWEVER, liOST JJOClliiENTF.D
SURFAC: E RUPTURE S ASSOCIATED W[T LAR E MA NITUDE EVENTS".
ANit, FURT ER, AEF:IM. f' OTO Rl'\P Y COllf'l.ED WIT SELECTIVE SIJN
AN LE PL{) "(;:; AH r!PORT MIT PART M DETECT! N SURFACE FAUL TI N
N or-: flER HJ liORF. T OROIJ ML y DEF JNE T E f'OTnn HIL A7.(-ir::n P.r./II
EVALUATE T E RISi<, AERIAL P:·IOTOl.iRAP Y OF REL{) TI VF.Li I  
COt-lTRt'\S T S 
ENDF.l'\ 1JOF:S AT 
LISETI :rn AJfllN  H! T E TIF.TF.CTJOH Al'!TJ bvP.1 UATJO~! 
T E Grl'.OllrlD LEVEL r AS SL GGF.STFTJ f!Y r'?rr, ET AL, 7 
(1978 ,, 
AL.EN t-. 
IT CERTAIN13 f)S BEEN F.iiPLO "(ED IN T IS STUDY tH T E 
TERRACE ESTATFS SllBTI JV l S lOt-1. 
MON JT o~: IN  EQll I PHENT f.OIJl. I) BE ms TALLH• IJS I N  T EO(lf)L lT IC 
( I  ORDER OPTICAL. sur-:VEYHIG) TECHi'!JQll[S TO flETF.CT CREEP 
ACROS S T E RABEN HI VER "( SMALL A N CTIJOt:S LES(S T AN OR EQUA L 
TO ,1 r-m/ YEM.: ~Nfl F.SF'f.C J M.l.Y (-1FTER Ef-lRT P.UAKE H 1Ei-lTS IN M!D 
AROU ND THE T ST AR EA, 
.Ur ^VESF VFSe ■VFyr DVIQ.E NUSTU PrDSFr^ SF UZE. rAEIEF .Ur 
^rP■ZTM-VQQSWBSVSO ^ZIFPV■SrE ZD .Ur UZIF.VSF ■VFyrE ZD JI;S.A 
V??rV■ .Z UVBr DZJJWJ SF ■rfOV.S9rQt ESyFSDSTVF. OrBrF.E 
REQrFUZFE^ GL;lAO SF ■rTrF. Z^Er■BV^Qr ZTTI■■rFTrEY EITU VE 
.Ur PS!Sr BVQQrt 0 DVS■BSrN ?rVM rV■.UHIVMrE ZD GLC; R.V^Qr 
;OAY Br■.STVQ PSE?QVTr9rF. NVE QZTVQQt SF r!TrEE ZD ES!.t 
R;,A Drr.O .Ur r■ZESZFVSO .r9?Z NVE ESyFSDSTVF.Qt SFT■rVErP 
VFP FrN DVF Pr?ZES.E UVBr DZ■9rPO SF 9VFt SFE.VFTrE y■V^rF 
E.■IT.I■rE UVBr DZ■9rP PZNFEQZ?D D■Z9 .Ur 9VWZ■ DVIQ. 
■I?.I■rEY VFP !. UVE ^rrF Z^Er■BrP .UV. .UrEr y■V^rFE P.P FZ. 
DZ■9 V. .Ur EV9r ?■rTSEr .S9r .UV. .Ur 9VWZ■ DVIQ. ^■rVM 
ZTTI■■rPO ^I. ■V.Ur■Y .UrEr T■V^rFE DZ■9rP EI^ErHIrF.Qt VE p 
■rEIQ. 7; TZ9?VT.SZFY ?ZEES^Qt PI■SFy .Ur VD.r■0EUZTM ?r■SZP 
VFP SF ?V■. VE V ■rEIQ. ZD Er..Qr9rF. VE .Ur V■rV VPWIE.rP .Z 
.Ur PSE?QVTr9rF.E TVIErP ^t .Ur 9VWZ■ DVIQ. 9ZBr9rF.O .USE 
TZ9?VT.SZF ?■ZTrEE SE SQQIE.■V.rP SF DSyI■r G;Y .Z V QrEEr■ 
Pry■rrY .Ur ^VESF VFP ■VFyr DVIQ.E ZTTI■ SF .Ur r!SE.SFy 
VQQIBSI9Y VFP rBrF QrEE ZD.rF .Urt V■r SF .Ur ^rP■ZTM 
REQrU9ZFEY GL;lAO i.Ur y■V^rFY .UrF VE V EI■DVTrO ^!D■DEESZ;m
1
N.k!
ZD .Ur PSE?QVTrP ^rP■ZTM SE ?■Z^V^Qt FZ. Br■t WJ99ZFO 9ZE. J 
ZD .Ur ^VESF VFP ■VFyr DVIQ.E ZD .V^Qr ;O UVBr .■VFErT.rP 
NrQQ PrBrQZ?rP VQQIBSVQ DVFEY VFP y■V^rF TZ9?Qr!rE Nr■r 
TZ99ZFQt DZ■9rPO ?Vyr ORGLj5CAY SF .Ur PrET■S?.SZF ZD USE 
SFBrE.STV.5ZF ZD .Ur ?QrVEVF. BVQQrtY FrBVPVY rV■.UHIVMr ,O0 
GLGC E.V.rP
ETV■?E OOO SF Z.Ur■ ?QVTrEY VQQIBSI9 UVE Er..QrP SF.Z 
9SFSV.I■r y■V^rFE V‘kVTrF. .Z .Ur in;V■?E! RD.ZI■r OG;OAO
SF UZE. ?QVTrEY FZ ESFyQr .■DJFTU DZQQZNE .Ur
I 
79 
THE FIASJN MW RM!GE FAULTS lo!IHCH DEFINE, H! ti0ST U~SESr THE 
BEDROCK/ALLIJ1JIAL B0IJN0ARtES OF THE iiOUHTIH N RMWES llF NEV D  
IN REU:TJV[LY SJGiHF JCM!T .EVENTS
( SLEHn0NS 1 196 7 >. IH Rl:.CEHT OBSERVABLE OCCURRENCES, SUCH AS 
THE DI>:IE VM.LfY - F<HR V JE~I PEM; fAF:THQUM:ES OF 195.i\ CT(~FII.E 
6. > 1 VERTICAL 0I PL.ACEnEHT WAS LOCAL.LY IN E:<CESS OF SIXT Y
C6C•> FEET. THE fR0SJ(lr?AL TF.nP0 WAS SIGr!IF]CM!TLY JNCR[ASFD
AND NEW FAN DEPOSITS HAVE F0RnED, IN MAHY IHSTnNC~S GRABE~
STRLICTUF:ES HAVE FORii[D f10Wt-!Sl.0PF. FROn THE tiAJm~ Ffilll.T
RUPT JR~S 1 AND n HAS BEF.H OBSERVED TH/H HIESE f3Rt'l'BEMS DID NOT
FORM ~T THE SAliE F'RECJ SE TI Ii[ THAT TH[ MAJOI~ Ff~lil. T FIF:Ef: ~
OCCIJRREfJ, BUT RATHER 1 THESE 13RABENS F0RiiED SUBSEQ JENTL"f AS ,;
RESlJL.T or- C0MF'ACTJOI'!, F'OSSHH.Y TllmING THE {:FTFF; -Sl-!0CK F'F.RJ(ii:: 
ANO HI PART AS A RESIJL. T OF SF.TTLF.nEMT AS THE AREf.l A o . .1 11sn:o TO
THE DISPLACEMENTS CAUSED RY THE HAJ0~ FAULT MOVEMENT, THI 3 
COMPACTION PR0Cl::SS IS I LLIJSTRrHED HI F IGU~:E 1. 6, TO () LESSER 
DEG f,: F. E r THE Fl AS I N AN II RM! G F:: FA LILTS 0 CC I.Ir-: H! TH F.. E >:J S Tl NG
ALL JVtlJM, AND EVEN LESS OFTEN THEY ARE 1H THE BEnROC ~ 
CSL.F.lihm!Sr 1967). " THE GRAfiF.Nr THEN f\S f'. SUr-:FA~ -F. H ·Rf"S JCli'! 
OF THE DISPLACED BEDROCK ts PRf.lRf1BL.Y NOT 1JER "f C MMON, MOS T '7
I 
OF THE FIASIN MlII F:ANGE Ff.llll.TS OF H1BI.E 6. HAI..'[ TRM!SfCTF.i1 
WELL. 0F.VF.:L0PEfJ All.lJVIi'\I. FANS, AND GR/-1BEM C0MF·t.F.: :,ES WEF: E 
• 
C0MM0l'!I. Y FOf:M[D. f' AG F • ( ~- 9 :~ 5 ) r J N THE fl F: SC R IF T I(, N 0 F H I S 
INVESrtGf.lT tot-I OF THE PtEASAMT VALLEY, NE'JA(lfl, E:'IF:HIQUAi( E F 
1915 ST('ITF.fl "H! MOST F"l.. f,CF.S r NO S 1NGL F. TR ~i'/CH F Ii 1..1.r., W S THE 
SCARPS ... rn OTHER PL.ACE S , A 1.1. U l)l IJ M l·l:'15 SF TTL ED INT G 





^ A^4t. j93S. e*> ^
^ Ca/npltX A^/nA/f*t •
mAjof Aa3jm £uh/ A»//
eotfcmskJmt/ hy a//u»im/ </<ipus€/s..
\ O * . • ^ • .
fVCtffy'a*T^ fno0^gn^^^ on jnMjof' €t/^er-
</fsplnc^^ alluvium or Caus^uS sarfflta^
.o/*allumtum aa*/a*u» :fLu.lf^ "fo -^^m.
♦ . ~




•^rlAtr moo^mcaf aaa/»r saffha^ 
-forms a gr*.6*a coatp/^X eacfjlca -/Au 
alluvial ^yiost/s aaclfiossi^/y







~ nz .4~. 
{ Jk~ .436 J 5 CA /A'~) 
<,,-J,.,1 eeAp/r.c ~PM-1,eh  
hrcu,ra,r-/- H'Ofl~--,,,6,,t 011 AM.Ji>,- &.I~ ft-ti r 
d,s /e 9s ~ .,, ,n e .us~s ~Hbng 







^ A^4t. j93S. e*> ^
^ Ca/npltX A^/nA/f*t •
mAjof Aa3jm £uh/ A»//
eotfcmskJmt/ hy a//u»im/ </<ipus€/s..
\ O * . • ^ • .
fVCtffy'a*T^ fno0^gn^^^ on jnMjof' €t/^er-
</fsplnc^^ alluvium or Caus^uS sarfflta^
.o/*allumtum aa*/a*u» :fLu.lf^ "fo -^^m.
♦ . ~




•^rlAtr moo^mcaf aaa/»r saffha^ 
-forms a gr*.6*a coatp/^X eacfjlca -/Au 
alluvial ^yiost/s aaclfiossi^/y







~ nz .4~. 
{ Jk~ .436 J 5 CA /A'~) 
<,,-J,.,1 eeAp/r.c ~PM-1,eh  
hrcu,ra,r-/- H'Ofl~--,,,6,,t 011 AM.Ji>,- &.I~ ft-ti r 
d,s /e 9s ~ .,, ,n e .us~s ~Hbng 
_ f!a lu,, ., .,;;u,d Alla ~ -ls -l .../'o,.,,_ 
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rV■.VUH IMERES TVYG. OLCAL■G GLUH.H HZZYUDHZ THGC AV NL ZHrL. 
ODAF THYZA CrH■BC VT CDFDZH■ FLDPFAC rAV AFVCL TVYG. DG AFL 
AFLCDC H■LHA OFDrF OL■L rHYCL. N^ rHAHCA■VBFDr LULGACy !HG. 
AFHA AFL CrH■BC TVYG. DG AFL AFLCDC H■LH OL■L B■VNHNZ^ rHYCL. 
DG H CDQDZH■ FHGGL■0!yFDC rHAHCA■VBFDr LULGA AFLV■^ CDQBZ^ 
rHGGVA NL rHALPV■DrHZZ^ HBBZDL. FL■L? ZH■PLl CDGPZL LULGA 
QVULQLGAC VG AFL CDL■■H GLUH.H T■VGAHZ THYZA V■ ZH■PLl CDGPZL 
LULGA QVULQLGAC VG HG^ VT AFL P■HNLG CrH■BC B■VNHNZ^ FH. 
ZDAAZL AV .V ODAF AFL TV■QHADVG VT AFL P■HNLG DACLZT! ODAFDG 
AFL H■LHK rV■.VUH rVGALG.C AFHA AFLCL CrH■BC .DCBZH^ LUD.LGrL 
VT QYZADBZL LBDCV.LC VT QVULQLGA HZVGP CBLrDTDr ZDGLHQLGAC! 
AFDC NHCL. VG FDC VNCL■UHADVG AFHA AFL CrH■BC LWFDNDA H 
THrLAL. QV■BFVZVP^ GLH■ AFL r■LCAC! CZLFJVFC IME91S HZCV 
CYBBV■AC AFL QYZADBZL LBDCV.L AFLV■^ VT THYZADGP HG. 
TV■QHADVG VT AFL CrH■BCK AFDC HYAFV■ TLLZC AFHA AFL QYZADBZL 
LBDCV.LC AFLV■^ QV■L GLH■Z^ LWBZHDGC AFL B■VNHNZL TV■QHADVG 
VT AFL P■HNLG AFHG CDGPZL LULGA QVULQLGAC VT ZH■PL 
.DCBZHrLQLGA! TY■AFL■! DA HBBLH■C AFHA AFL TV■QHADVG VT QHG^ 
VT AFL THYZA CrH■BC FHC NLLG LULG CZVOL■ ^LA! BVCCDNZ^ N^ 
CZVO THYZA r■LLB! AFDC AFLV■^ DC FVCA rZLH■Z^ DZZYCA■HAL. DG 
TDPY■L t! HA BVDGA X!S I HQ. HZCV AFLfR;SYG. ZLULZ,BFVAVP■HBF 
VT BVDGA X!S OFDrF DC TDPY■L S9;S! FL■L! OFJLC r■LL- FHC 
rYA .VOG THG AF■VYPF AFL YBAF■VYG THrL VT AFL THYZA CrH■B! 
AFL CrH■B FHC NLLG UL■ADrHZZ^ .DCBZHrL. QV■L fAFHG iV!P QLAL■C 





CORDOV/.'t C 1969) FOUND WESTERN NE 1Jf.1DA ALLUVIAi_ FANS TO Bi:: LACED 
WITH FAULT SCM::F'S [If SJliIL.N, HEIGHTS [10 THOSE HJIJHD JN THE 
THESIS ARl:.A] WHICH WERE: CAlJSl:D rn CtHASTRIJPHlC E: 1JENTS 1, .~.ND 
THAT THF. SCARPS FOUiHI JN THE THESIS ARE(.'l ~JERE PROBABLY CAUSED 
IN 1) SIMlL:'\R nAHN • . HIS CATASTROPHIC EVEHT THEORY SliiPLY
CAHNCIT BF.: CfHEGOrHCf'.ILLY f-iPf'LIF.D HERE. 1.M:GEr SINGLE EVD!T
HOVEiiENrs OH THE SIF.RRr'\ NEVt'IDA FRONTAL FAULT OR LARGE:, SINGLE
EVENT tiOVEtiENTS ON M!'i Of THE GRABEN SCAF:PS PROFIABL Y HAD
LITTLE TO no WITH HIE FORiif.lTION OF HIE GRABEN ITSELF' IJtTHIN
THF. A~fAr CORDOVA tOHTENDS THAT THESE SCARPS DISPLAY EVIDENCE
OF HUL TIPLE EPISODf:S OF iilJ'JE:iiENT ALONG SPECIFIC LINF.:AiffNTS,
THIS BASED OH HIS OFISERVATJON THAT THE SCARPS F.~HJBJT
FACETED iifJRPHOI_OG "f NEAR THE CRESTS• SLEiiMOHS < 1975 > ALSO
SUPPORTS THE liUL TIPl.E F.PJ SOilF. THEOF:Y PF F(HJL TlNG MHt
FORiiATIOH llF THE SCARPS ~ THIS AIJTHIJR FF.ELS T:t{)T THE iilJL TIP LE
EPJ SOil[S THEORY liOf~E rl[M-.:L y n:F·LA INS THE PROBABLE FOr-.:iiATI Or!
OF HIE GRABEM THAH SINGLE EVENT MOVEMENTS OF LARGE
DISPLACE.liENT, FURTHER, JT f-iPPEf:RS THAT THE FOF:nAT:COH OF l'iM!Y 
OF THI:. FAUL. T SCARPS HM, BEEN EVEN SI.OWF.R YET, POSS I BL."( BY
SLOW FAULT CREEP, THIS THH1RY JS MOST CLEAr<l.Y l ~ TRAT':~ Hl . 
FIGURE 3, {) T P/1 HIT b') ( AND ALSO TIU: {;R.()UN(t LEVEL HIJTOGRAPH 
OF F'OH!T C' • ) ~IHICH JS FJGUF:E l 7, ) , HERF.r l•IHJl ES CREEK HAS 
CUT (10\JN FAN THROUGH Tiff IJPTHROIJM FACE IJF THE FAULT SCARP, 
THE sc .:i r-:P HAS f!F.EN V[RTJCf\L.L "r" JJISPl.·(:CEn iiCtf,E •THAN H•,5 ii[TFRS 
• 




AFL .VAAL. ZDGL DG.DrHALC AFL NHCL VT AFL THYZA CrH■B HG. 
AFL 57L■ADrHZ H■■VOC DG.DrHAL AFL rFHGGLZ VT OFDALC r■LL-!
.BHDFHPL TZVO DC T■VQ ZLTA AV ■DPFA C-YH■LZ^ AF■VYPF AFL 
MM QLAL■ ItR TLLAS YBAF■VOG THrL VT AFL THYZA!
CLL X! S VT TDPY■L §3. HG. :! S VT TDPY■L yj! GVAL HZCV 
AFL YADZDA^ ■VYAL HZVGP HG. AFL ■LCD.LGrL HA AFL r■LCA 
rl AFL THYZA CrH■B! ;
1,I 
FIGURE 17 • 
.L.:i.:. W'i''i'ED LINE INDICATES THE BASE OF THE FAULT SCARP AND
'.L-E V~TICAL ARROWS INDICATE THE CHANNEL OF WHITES CREEK. 
D? .. ,Hli..\GE FLOW IS FROM LEFT TO RIGHT SQUARELY THROUGH THE
ll ~ITH ( 36 FEET) UPTiffiOWN FACE OF THE FAULT • 
. S=Z b.) OF FIGURE #J AND a.) OF FIGURE #4. NOTE ALSO
\~-~ ~~-;I~ITY ROUTE ALO~G AND THE RESIDENCE AT THE CREST) 






MERrSTEY GVO.rR LUVT CURrUTL LUAVZV 
TURO.rELD EL ROTGVYU TONrOTUIFF
ZVrU .SYVrESLBGVO.r 
P^Hy S.ELDMSORU 
P^!Q SCULR AV..U0 
P^!? CVRM AV..U0 
PylK DS.Z WELD 
PyP? N.UVRVLr AV..U0 
PyKJ YUZVT 9SOLrVELR 
PyK1 UtYU.REST 9SOLrVELR 
Py?l GrI RVDG 
Py?1 TVEL■SC GVO.r 
Py?1 TVEL■SC GVO.r 
Py?1 GVETAEUC NUVW GVO.r 










































ZUrUT9ELUZ NTE9VTE.0 ■0 YSTTU.VrESL SG ELrULRErfr;TUNSTrR VLZ 
rMU TEYMrUT RYV.UI
RUU VNNULZEt ■I, UtN.VLVrESL SG 9UrMS--Si SD0 , EL VrrU9NrELD rS 
YSTTU.VrU rMU ZEGGUTULrI ELrULREr0 RYV.UR EL ORU rSZV0 CErM 
rMU TEYMrUT 9VDLErOZU RYV.Uj VLZ rMU NSRRE■.U RMSTrYS9ELDRI
!
FFYS9NE.VrESL SG rMU UAULrR EL rMER rV■.U VTU GTS9 RUAUTV. 






HISTORIC Ff.\lll.TS NEM: ~IF.STERN tlEVADA
RF.:SIJLTING HI SURFACE RIJPTIJRI::.~* 
DATE LOCATJOM/FAULT nAGtlJTlHIE Rllf-'TliRE r:J sn ;~cc:nF.HT 
1869 OLINGHOUSE *6.7 23. ,) KH 3.65 Kii
1872 OWENS VALLEY *B,O l l c,. (1 Kti 6.4~ "ti 
1875 Wl'\SH 'JALLEY t6.8 ? ? 
19(•3 60Ut KING * ? s.o Kn 1. 0(• KM
1915 Pl.F.ASAHT IJ(\LLEY *7,75 62. •) KH 5. 6 1) Kii
1932 CfDAR liOUtHAINS 7.3 62.C, Kti 1.30 t:M
1934 F.:<CEL.StoR HOUHTA ms 6.3 1.4 KH 0.12 KM
195(1 FT. SA6F 5.6 B.9 Kti 0.61 I\H
1954 Rf'1IH80W FAULT 6.6 17.7 KH o.31 KM
1954 Rt'HNBOW FAULT 6.8 3(•. 6 Kl'i 0,76 "li 
1954 FAIRlJlE" PEAK FAULT 7. 1 58. •) KM 5.62 KM 
1954 flJ ):'IE VALi.FY Ff'tUL.T 6.9 62. {• KM 
1966 STAMPF.OE/PRIJSSER 5.7 t6.0 KH 
¥INDlCATES
DETERiHNE:D
liAGiH TllflE Vf.} ur::s IJF:RE 
PRIMAR tL.Y BY CfJRRF.UH IIJ-H- 0 ... F._INTENS I 0F.PORT5 AND ( 
THAT THFSE RICHTF.R 
THE RICHTER set.LE. 
SEE AF'F'EH[IJ>: R., E>:F'l.Ar.UHJOr! PF ii[THQi1QLOGYr H! ATTErir--T I:! G TO
• CORREi.AT~ THE tll:FFEREI-IT• INTENS1T "f SCALES IN IISF. TOM "f \HTH 
THE RI CHTF.R tiAGr!JTllflE SCALE r M!D THE f'ClSS IBLE SHORTCOHJ HGS, 
r 
-**COliPIU1TtON OF THE F. 1.IF.NT~~ H! THI S TtH!I..F. ARE FROM SF. 'JERAL
SOL:mcF. Sr RUT PRIMAl::Il.Y FROM SLF.lili[lr!2 (19t-7) i:NJ) F:YhLL. < 1 ':- /7) , 
t:-’r
DA C■LFC AQHA AFL CrH■B OVYZ. FHUL FH. AV TV■F UL■^ CZVOZ^ 
DG.LL. TV■ OFDALC r■LL- AV CYrrLCCTYZZ^ rVGADGYL AV L■V.L 
AF■VYPF AFL YBAF■VOF THrL HG. QHDGAHDG DAC GV■QHZ rFH,yFiLZ 
TZVO! AFL■L DC GV TU<GrL VT HG^ DQBVYG.QLGA YBTHF T■VQ AFL 
THYZA OFL■L HG DQDyL. CA■LHQ I.HQQL. N^ rHAHCA■VBFDr THYZA 
QVULQLGAS rVYZ. FHUL BVVZL. YGADZ DA ■LHrFL. CYTTDrDLGA .LBAF 
AV N■LHrF AFL CrH■B r■LCA HG. AFLG L■V.L NHr- .VOG AV AFL 
V■DPDGHZ rFHGGLZ NHCL! TY■AFL■ LUD.LGrL VT CZVO CLDCQDr 
HrADUDA^ DC HZCV DZZYCA■HAL. HA BVDGA ^!S DG TDPY■L C! OFL■L 
AFL OFDALC r■LL- rFHGGLZ FHC CZVOZ^ QDP■HAL. DG H GV■AFL■Z^ 
.D■LrADVG! HA ZLHCA AF■LL B■LFDCAV■Dr rFHGGLZC H■L LUD.LGAk 
HZZ VT OFDrF TZVO AF■VYPF AFL THYZA HA BVDGA X!S DG TDPY■L t! 
TDPY■L t? HZCV CFVOC FVO AFL AFVQHC r■LL- rFHGGLZ FHC NLLG 
DGTZYLGrL. N^ AFL THYZAC HG. FVO AFL rFHGGLZ FHC HZCV 
QDP■HAL. DG H GV■AFL■Z^ .D■LrADVG AV H GLO HrADUL rFHGGLZ 
ZVrHADVG! TDPY■L 2? CFVOC AFL THYZA DGTZYLGrL. TZVO rFHGGLZ 
VT 4VGLC r■LL- DG HG HGPYZH■ .LTZLrADVG BHAAL■G? NYA AV H 
ZLCCL■ .LP■LL AFHG AFVQHC V■ OFDALC r■LL-C! HA AFL CVYAFLHCA 
rV■GL■ VT AFL BFVAVQHB? N■VOGC r■LL- HZCV CFVOC LUD.LGrL VT 
THYZA DGTZYLGrL. TZVO rFHGGLZC! AFL CAHPPL■L. TZVO5.D■LrADVG 
VT AFLCL .■HDGHPLC LHCAL■Z^ AFLG GV■AFL■A!^ HQ. Cy4yV■AF FLZBC 
AV YG.L■CAHG. AFHA HZVGP ODAF AFL THYZADGP AFL■L B■VNHNZ^ FHC 
NLLG H .LP■LL VT .DCA■DrA CrHZL ADZADGP IGV■AFL■Z^S VT AFL 
LGAD■L6 H■LH! AFDC rVYZ.?HrrVYGA TV■ AFL GV■AFL■Z^ QDP■HADVG 
VT AFL rFHGGLZC! AFL LG LrFLZVG THYZADGP VT AFL P■HNLG 
rVQBZLW ! DC HZCV HrrLGAYHAL. N^ AFL CA■LHQ T3yVO BHAAL■G! DG 
VAFL■ OV■.C? AFL CA■LHQ TZVO AH-DGP AFL FVCA GHAY■HZ ■VYAL 
.VOG THG FHC FT3!BL. AV HrrLGAYHAL AFT! CA■YrAY■L TV■FDGP
I 
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IT SF.F.iiS Tl-lfH THF. SC!,RP WOIJL.O HA 1JE: IMO TO FORii VER "f SLOWLY 
INDF.Ell FOR ~JHITF.S CREEK TO SlJCCF.SSFllLLY COrlTJNUE TO F.ROT1E 
THROUGH THE IJPTHROWH FACE: AHO n!'IIHTAIH ITS NORiiAL CIM, i EL 
FLOW. THERE NC£ OF ANY INPOUHDHENT llPFAN F~OH THE 
FAIJLT WHERE AH tHP_ ED STREAH (DAiiiiED 8Y CATASTROPHIC FAULT 
HOVEnENT> COLIL D HAVF. POOL.Er• UNTIL: IT ~(iCHEll SlJFF l CJ F.tH DEPTH 
TO BREACH THE SCARP CREST AHD THEH ERODE BACK OOWH TO THE 
ORIGINAL CHA~!HEL BASF.. FURTHER EVIDENCE OF SLOW SEJSHIC
ACTtVCT'( IS AtSO IL.LlJSTR!-\TF.O f)T · POHIT c. > IN Fif.llJRE 3. WHERE 
THf MMITfS CF<F.£1\ CHANNEL. HAS SLOWLY tiJf,RATED rn h trnf:THERL y 
DIRE:CTIOH. f\T LEAST THREE PREHISTORIC CHANNF.I..S ARE EVIOE:NT,
,,LL OF ~11-:JCH Fl.OIJ THF:OUGH THF. FAULT (~T POINT b.) IN FlGUr~E 3.
FIGURE: 3, f.lLSO s:-1ows Mot, THE HI Orms CREEK CHAHNF.L H{'iS BEEN
INFUJF.NCETI BY THE" Ff:ULTS f.:ND H_OW THE CHMHffL HAS flLSO
HIGRATEO IH f) NORTHERL"f OIRECTIOH TO A NEW ACTIVE CHANlffL
LOCATIOt . F IGUF:E , S'HO!JS THE F MILT INFLUENCED FLOW CHM1NF.L
OF JONES CREE~ IH ~H ANGULAR DEFLECTION PnTTF.RH, BUT TO A 
LESSER DEGREE THAN THOHAS OR WHITES CREFKS. hT THE SOUTHEAST 
CO~NER OF THE PHOTIJr!:)P 1 BROIJHS CREEK ALSO SHOWS EV ID ENCE OF
FAUi. T Hffl \JEtlCfD Fl. ow CHMH1El.S . THE ST(.':GGF.F:F.D FLOW ) nrnECTl OM 
OF THF.:SF. DRAINAGES F.:f\STERL."f HIEN NORTHERL Y AND s 1'aRTH HELPS ( 
TO UNDF.RSTMHJ THAT f\LOt1G WITH THE FfillL THW THERE f'ROT:IABL·Y HAS 
BEHi f) tJF.:GREE OF DISTRICT SCAI_E TILTING (NORHIF.Rl."f> flF THE 
ENT IRE' flREA. 
. 
THIS COl.lLTl . f'ICCOU~n FOf-: THE NOlnHERl.'i ~iIGf-:ATIO~! 
OF THE CHf'INNELS, THF. · F.M ECHELOH FAULTING rJF THE GR!'IBEN 
COtiPLE>: . IS ALSO ~CCD!TUATED RY THE STREAl'i Fl, OW f'(iTTERN. H! 
OTHF.R IJOROS1 THE STREAM Fl.OW TAKING TME HOST NATURAL ROUTE 
110\Ji'! FM! HAS HFL.f'ED TO hCGF.NTUATE . THE STRllGT \.lr-:F.: FfJf:iiIMG 
FLrFHGDCQ!
r
AFL LWHrA NL.■Vr- THYZA CA■YrAY■L rHGGVA NL BVCDADULZ^ 
CYNCAHGADHAL.y NYA AFL NL.■Vr- DGAL■THrL ODAFDG AFDC H■LH 
rVYZ. LHCDZ^ NL .DyB0yL. DG AFDC P■HNLG FHG-L■ DG ZDPFA VT 
AFL THrA AFHD AFL CDL■■HG T■VGAHZ THYZA .VLC LWDCA HG. AFHA 
AFL CFHAAL■L. ‘VGL ZDLC NLAOLLG AFL ■LZHADULZ^ CAHNZL rH■CVG 
■HGPL HG. AFL PLVAFL■FH3!Z^ HrADUL CALHFNVHA FDZZC DFFL.DHALZ^ 
LHCA VT AFL H■LH )AFVFBCV-k LA HZ! l MERjS! AFL LG LrFT3!VG 
THYZADGP HG. .LTZLrADVG VT AFL AFVQHC r■LL- rFHGGLZ QH^ HZCV 
NL DG BH■A HAA■DNYAL. AV HG H■LH ODAFDG AFL VUL■HZZ CA■YrDY■L 
OFDrF FHC LWBL■DLGrL. H QV■L ■HBD. CrH■B .LULZVBQLGA HC 
CAHAL. DG AFL rV■.VUH IMERES rVGALGADVG! AFL HNDZDA^ VT AFL 
CA■LHQC AV rVGADGYHZZ^ rYA AF■VYPF AFL YBAF■VOG THrLC VT 
AFLNL CLUL■HZ THYZACP FVOLUL■l CFVOC LDAFL■ H P■LHAL■ CA■LHQ 
TZVO ■HAL LWDCAL. DG AFL BHCA V■ AFL ZHr- VT ZH■PLl CDGPZL 
LULGA CLDCQDr .DCBZHrLQLGAC V■ H rVQNDGHADVG VT NVAF! 
HGHZ^CDC VT AFL .HAH B■LCLGAL. .VLC GVA CYBBV■A H P■LHAL■ 
B■LFDCAV■Dr TZVO ■HAL! THYZA r■LLB HG. DGT■L-YLGA QV.L■HAL 
.DCBZHrLQLGA LULGACf H■L H QV■L ■LHZDCADr rVGrZYC-y TV■ AFL 
B■LCLGA CA■YrAY■L HG. PLYQV■BFV3!VP^ VAs 0FT H■LH!y,
Fjj
AFVQBCVG HG. CHG.NL■P IME1CS rVQBZLAL. H P■HUDA^ CY■UL^ VT 
AFT! QVYGA ■VCL -YH.■HGPZL?AV .LAL■QDGL AFL rVGrLHZL. rLGV‘VDr 
CA■YrAY■L VT AFL HZZYUDHZ NHCDGC AFL■LDG! AFDC CY■UL^ 
LGrVQBHCCL. AFL LGAD■L H■LH HG. ■LULHZL. HZZYUDHZ P■HUL3C AV
f
NL QYrF AFDr-L■ AFHG FH. NLLG LWBLrAL.! TV■ DGCAHGrLk 4YCA





THE E>:ACT BF.:DF:OCK FAULT STRUCTUf~F.: CMlHOl I<F.: POSIT I J EO. Y 
SUBSTAHTIATED, BUT TH£ BEDROCK IHTERFACE WITHIH THIS AREA . 
COlll.D EASILY IN THIS 6RABF.:N liAHHER IN LIGHT OF 
THF.: FACT TIH\ r THE SlERR,\H FRONTAL FAULT DOES EXIST AHD THAT 
THE SHATTEP.fTI ZOHf LIES BF.:TlJEF.N THE REUtTJ VF.I. Y SH:BLE C:M:SO~! 
RANGE AHO HIE GEOTHERiiALl.Y ACTI'JE STEAiiBOAT HILLS . IiiiiEDIATELY
EAST Of THE MffA (THOiiPSOt-!r ET (-tL, r 1964). THE EN ECHH.Or!
FAULTING AHD OEFl.ECHOH OF THE HIOnAS CREEK CHANNEL iiA'f ALSO
BE JN PART ATTRIFIUTEJ1 TO Mi M~EA WITHIN THE OVERALL STRUCl LIF:E
WHICH HAS EXPERlENCED f) i'IORE RAPID SCARP DEVELOPnEHT AS
STATED IN THE CORDOVA (1969) CONTENTJOH. THF. (:BILITY OF THE
STREAnS TO COHlt NIJALL"f CUT THROUGH THE: IJPTHROWN FACES OF
THESE SEVERAL FAUL.TS, HOWEVER, SHOWS EITHER A GF:E(-1TER STREAM
FLOW Rf.lTE EXISTED Hf THE' P~ST OR THE LACK OF LARGE, SINGLE
EVENT SEJSHIC nJSPLACEliENTS OR A C:OHBJN~TJOH OF ROTH.
ANALYSIS OF THE OATf) PRF.SEHTEO DOES NOT SUPPORT t-i GREATER
PREHISTORIC FL.OW RATE. FAlll.T CREEP (-11-m INFRF.CWl:NT HOOF.RATE
DISPLACEiiEHT l::VF:NTS - ARE f.l i'lf.lRE REALISTIC CONCLIJSi o/' FOR THE
PRESENT STRUC.TtmE (\r!D G[llnOr-:PHOL.OGY or- t M~Efl ·/ { 
THOMPSOH AND SAHOBERG (1958> COMPLETED A GRAVITY SURVEY OF
THE notrnT ROSE P.llAitF:MIGL.E . Tfl flETERiiH!f: TH[ c:o'r!CEAL.ETI [ENOZC•JC
STRUCTURE: OF HIE Al.UIIHAL. B()SHl~:; THEREIH. THIS SURVEY
ENCOHF'flSSEfl THE ENTl F:E AF:EA Mm REVEAL.EI1 hLLllVIM. GP.f.lVEL S TO 
I 
BE nlJCH THICKER HlrH! HAD BEEN E:<P ECTF.O, FOR H!STANCE:, JUST 
TO THE SOUTH OF THE THrSIS (:r~F.,~ THE Gl~F.:(~TFST Ai'IOHAL y o .r.1.1r-:RED 
eR
C;
EL CVRMSU AV..U0j -Jl^ MHV.Rj CMEYM RMSCUZ rMU V..OAEV. 
DTVAU.R rS ■U Vr .UVRr ?1y MUrUTR :PjRll GUUr7 rMEYWI rMER 







CMUTU r ER rMU rMEYWLURR SG rMU V..OAEOMj 
EL POOTE N IA rMU .SYV. VLS9V.0 EL 
VLZ R ER rMU ZEGGUTULYU EL rMU RNUYEGEY 
DTVAEr0 ■UrCUUL rMU RUZE9ULrR VLZ rMU 
■UZTSYWI
9VN KI 5rMS9NRSL VLZ RVLZ■GTDj Py?^7 E.iIORrTVrUR, EL NVTrI 
rMU TURO.rR SG rMU DTVAEr0 ROTAU0I rMU ■SODUT VLS9V.EURI 
CMEYM CUTU YS9NE.UZ GTS9 DTVAEr0 RrVrESLR URrV■.ERMUZ CErM V 
ZULREr0 SG SLU RrVrESL NUT !I^ RTI W9I 5K RTI 9E.UR7 CUTU 
N.SrrUZ SL rMU MVN VLZ .ELUR ZTVCL rMTSODM NSELrR SG U^OV. 
AV.OU 5ERS-VLS9V.0 .ELUR7I rMU TURO.rR TUAUV. rMU RrTOYrOTU 
SG rMU OLZUT.0ELD ■UZTSYW SG rMU rTOYWUU 9UVZSCR - CVRMSU 
AV..U0 TUDESLI UtYUNrESLV..0 NUUN ■VRELR SG V..OAEO9 SYYOT 
EL RUAUTV. VTUVRI VLZ EL rMU 9VEL rMU V..OAEO9 ER ^OErU rMEYW 
rMTSODMSOr rMER TUDESL SL rMU UVRr G.VLW SG rMU REUTTVRI rMU 
RMV..SC NUZE9ULr ■UZTSYW ROTGVYU ZSUR LSr RUU9 Ak ■U rMU 
ZS9ELVLr OLZUT.0ELD RrTOYrOTUI MirSGAiQTI RUAUG20. RrOZEUR
YSLZOYrUZ ■0 rMU LUAVZV ■OTUVO SG 9ELUR VLZ DUS.SD0 t\ GUO
9E.UR rS rMU LSTrM SG rMU rMURER VTUV MVAU RMSCL rMVr lP NUT
NUZE9ULr V..OAEV. ROTGVYUR UtERr VLZ VTU UtNSRUZ EL RrTUUr
VLZ YSLRrTOYrESL YOrR VLZ EL RrTUV9 ZERRUYrUZ GVL RrTOYrOTUR
EL RSOrMCURr TULSy CErMEL rMU rMURER VTUV rMU NTE9VT0 
U I
■VRU9ULr TSYW E■ .VrU 4OTVRREY-UVT.0 YTUrVYUSOR DTVLSZESTErU
1
SAUTEIVEL .V0UT SG rMU rUTrEVT0 WVrU NUVW VLZURErU
,,; 
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IN IJASHOF. VALLF."f1 208 GALS1 WHICH SHOWF.O THE ALLUVIAL
GRtWEl.S TO BF. AT L.F.AST ~49 nETF.RS (l rBvO FEET) THICI\, THIS
WAS DfTER~INED USING THE FORnUL.A; 
A/0.01JS Gtlals 
WHERE T JS THE THICKNESS OF THE
IN FEE 1 A S THE LOCAL ANOMALY
AND S IS THE DIFFERENCE IM THE






MAF' 3 • <THOl'iPSOt-! MID SAHDBFRG r 1958 > ILLUSTRATES r IN P~RT,
THE RESULTS OF THf GRftVITY SURVEY. THE BOUBER ANOMALIES,
WHICH WERE COMPILED FROM GRAVITY STATIOHS ESTnBI.ISHEO WCTH A
IIENSITY or- OtlE SThTJm! PER 7,B sn. Kti. (3 sr.. till E'S) WERE
PLOTTED OH THE AP AHO L:INES ORAWH THROUGH PO IHTS OF EQUAL
VALUE ( ISO·-M!OliAL Y LINES>, THE RESULTS REVEnL THE STRUCTl.lf-:E
OF THE IJHOERLYING BEBROCK OF THE TRUCKEE MEADOWS WASHOE
VAL LEY REGICIH. F.>:CEPTlOtU:LL.Y I'lEF.P I<ASH!S OF ALL.ll'Jlt.iii or.cur-:
IN SEVF.R,,L ARl:.AS, AND Hl THE HAIH HIE ALLUVIUM rs QUITE THICK
THROUGHOUT THIS RF.GJOt-!, ON THE EAST FLANK or THE SIERRAS. THE
SHALLOW PF.OiliEHT BEDROCK SURFACE OOF.S NOT s;:)o BF. THE
tnm ERL ·(1 tm HOGJEV~, DOMJ t!M!T ST~TURE, SEVE · _ STUDJE'S 
COHOIJGTF.O s·, HIE NEVA Of) 81JREAIJ OF iHHES AMO G£0LOGY f'\ FEW 
MIL.F.S TfJ THE t!OlnH OF THE THESIS Af-:EA HAVE SHOW~! THAT 01 flEF: 
PF.OIME1'T ALLUVIAi.. SURFACES E:<IST AHO ARE E:(POSF.O HI STREET 
• 
AND CO~!SNWCTlOH CUTS M!J) Hl 5TRF."i'i TIISSf.CTF.D FM! STRUCTllF:ES 
IN SOIJTI WEST R~NO, ~CTHIH THE THESIS AREA THE PRIMARY 
I 
BASEnENT ROr.K JS LATE JlJRASSl C-F.flRL y CRETM:EOIJS Gf:M!Ofl rnrn TE 
0 1JERLAH! BY f) U1"(F.R OF m: Tl:.F:TIARY KATE PF.f)K ANOESITE 
( 
QHB t!
YHCFV■?rVYGA^ P■HUDA^ CY■UL^ 
.UDULZ
.ELUR SG L-YHZ NVYPL■ HGVQHZ^!
AFL rZVCLGLCC VT AFL ZDGLC VT .DTTL■DGP UHZYLC DGTHrA CFVO 
P■H.DLGA V■ ■HBD.Z^ VT rFHGPL DG AFL AFDr-GLCC VT AFL 
P■HULZC!
GVAL rZVCY■LC CVYAF VT AFL AFLCDC H■LH GLH■ OHCFVL ZH-L )f 
2&1Ji13!t3’1 AV AFL GV■AF6 NVAF LHCA IfM9&<n!i3S HG. OLCA If 
OTENIAOLOt L. P*7 )IPA VT ■LGVl HG. GLH■ AFL 4YGrADVG VT 
FDPFOH^ tE1 HG. AFL QVYGA ■VCL FDPFOH^ IfME&l:13!i3S!
AFL .LBAF VT AFL P■HULZC AF■VYPFVYA AFL A■Yr-T!L QLH.VOC DC 
CDPGDTDrHGA? AFL LWALGA VT AFL P■HULZC HG. AFL THYZADGP 
HZVGP rMU LHCA TZHG- VT AFL rH■CVG ■HGPL QH-L ■LCD.LGADHZ
rVGCA■D4rAVG H ■LZHADULZ^ ■DC-^ YG.L■AH-DGP HK3. FDPFf■DCL i
" E
NYDZ.DGP rVGCA■YrADVG H NH. NLA!
AFL rH■CVG ■HGPL VrrY■3Lr GLH■Z^ HZZ VT AFL H■LH AV AFL OLCA 




IJA ~ OIJNTY GRrWlT"( SIJRVEY
LEBEND 
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LINES OF EQUAL BOIJGER f.\NOrt:~L Y. 
THF. CLOSENESS OF THE INES Clf IllFFf.RHW Vi\LliC:.S HffACT SHOW
GRAOIEHT OR RAPIOLY OF CH~NGE IH HIE THICKNESS OF THE
GRAVELS. 
NOTE' CL.OSlJP.F.S SOUTH OF THF. THF.SI S ~REfi ~!~AF: WASHOE LMS < -
05nan,"Jl); TO THE ?-!ORTH, ·- BOTH " Ef.'18T C-17•)111:a1<1l) ANO WEST C-
19v1n!1al > OF THE C TY OF RENO r M!D r!EN, THE Jlrnr.n Or! f1F
HIGHWAY 395 AHD THE HOIJHT ~OSE HIGHWAY C-190nanal>. 
THE flEPTH OF THF. GF-:t'WELS THROl.lGHOlJT THE TRUCKEE liE~DOWS JS





OF THE CARSON RM!GE ~iM:F. R) sI ))ENT J f.!L 
RISKY UNDERTA K ING /o HIGH-RISE ( 
BUILDING CONSTRUCTION A BAD ~ET • 
• 
THE CARSON Rt\!Hff OCCIJPIEi NEARLY ALL OF THE ARF.:A TO THE WEST
















GST9Vr5 LtT LVE9iI0 G.SC ■TUYYEVR AVT0ELD EL rMERWLURR GTS9 P? 
rS HP 9UrUTR 5?l rS Jll GUUr7 5rV■ST VLZ U..IUL6 Py!H7I CErM 
rMU UtYUNrESL SG rMU RSOrMOURr NSTriSL, rMU VTUV ER SAUT;IyVEL 
■0 V TU.VrEAU.0 rMEYW RU^OULYU SG DTVAU.R VLZ SrMUT 
OLYSLRS.EZVrUZ V..3A066i2 ZUNSRErRI rMU ZUNrM SG rMU DTVAU.R 
Vr .UVRr UtYUUZR HP 9UrUTR 5Jll GUUr7 VR VrrURrUZ ■0 rMU 9VL0 
CVrUT CU.. .SDR RO■9ErrUZ rS rMU RrVrU SG LUAVZV VR V 
TU^OETU9ULr SG rMU TUYULr TUREZULrEV. YSLRrTOYrESL NTS4UYry 
rMU rMS9NRSL VLZ RVLZ■UTD TUNSTr RMSCR rMVr rMURU DTVAU.R MV0 
■U VR ZUUN VR J1H 9UrUTR 5^ll GUUr7y rMS9NRSL VLZ RVLZ■UTD 
VRREDLUZ rMU WVrU NUVW GST9VrESL VL VAUTVDU RNUYEGEY DTVAEr0 
SG JIKP ■VRUZ SL VL VAUTVDU GST VLZURErU G.SCR VLZ rOGG 
■TUYYEVRy VNN.0ELD rMU GST9O.V7
r ‘ VBlIlPKR 9YV.R 
r HBlIlPK t ly? 9DV.R 
r HBlIllH? 
r yJK
rMU DTVAU. rMEYWLURR LUVT 4SLUR YTUUWBDV.ULV DTUUW CVR 
URrE9VrUZ rS ■U LUVT.0 J^J MUrUrQr2J? GUUr2)6MEYWI rMU ;) 
LUAVZV ■OTUVO ;SG 9ELUR VLZ DUS.SD0 ULAETSL9ULrV. RUTEUR 9VN 
59VN 1I7 SG DUS.SDEY YTSRRUYrESLR VLZ DTVAEr0 ROTAU0 ZVrV 
5Py!H7s RMSCR rMEYWLURRUR VNNTStE9VrELD rMU DTVAU. ZUNrMR 
ELZEYVrUZ SL rMU rMS9NRSL VLZ RVLZ■UTD DTVAEr0 ROTAU0 MVNI 
ZETUYr 9UVROTG9ULr SG rMU DUS.SDEY YTSRRUYrESLR RMSCR rMUr
DTVAU.R EL rMER RV9U VTUV SG 4SLURBDV.ULV YTUUWR rS ■U EL 
UtYURR SG yjI? 9UrUTR 5Kll GUUr7I V TU.VrEAU.0 REDLEGEYVLr
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FOF:liATl OH, nAHH.Y FLOW I<P.ECC!flS Vl:r<YrnG IN THISKNESS FROM 15
TO 61 HETERS CSO TO 200 FEET> (TABOR AHD ELL.EH, 1976). WITH 
THE EXCEPT lOH OF THE SOLITHWES"( POF:T l ON, THE Ar~EA IS OVE '. (~ H!
BY A REL.AnVELY THICK SEQUENCE OF GRAVELS AHD OTHER 
UNCONSOL.IDATfll DEPOSITS. THE DEPTH OF THE G~AUELS 
AT LEAST EXCEEDS 61 METERS (200 FEET) AS ATTESTED BY THE HANY 
WATER Wtl .L L06S SLIBliJTTF.:D TfJ THE STATE OF HEVADA AS A 
REOllIREHENT OF THE RECENT RESIOEHTIAL COHSTRIJCTIOH PROJECT.
THE THOliPSON AND SAHPBERG REPORT SHOWS THAT lHESE GRAVELS liAY 
BE AS DEEP AS 244 HETERS (800 FEET), THOHPSOH ANO SANDBERG
ASSIGHED THE ~ATE PEnK FORliATJOH AN nVERAGE SPECIFIC G~AVITY
OF 2.33 BASED OH AH AVERAGE FOR AHDESITE FLOWS AHD TUFF
BRECCIAS. APPL.YING THE FORMULA; 
T A/0.013S HGALS
T = 6/0,~13 >: 0,5 MGALS
T -· 6/ 1). •)•)65 
T :- 923 
THE GRAVEi.. TH ICiOH-:S~; NEAR ,JONES CREEK/GALEN) RE<K 
ESTHIATED TfJ I<F. NEAIU.Y 282 liETF. RS h>2 5 FEET> HI CK.




CMAP 4.) OF GEOLOGIC CROSSECTIONS AND GRAVITY SURVEY DATA
(1 976) SHOWS THICKNESSES {-1PPROXIM?:TH!G THE GIMVEL DEPTHS• 
IHOICATEO • OH THE THOM~SOH AHO SAHOBERG GRAVITY SURVEY HAP.
DIRECT liF.:f'llSlJRFlifNT Clr- THE GEOLOf,H. Cfl:OSSECTlOr!S SHOWS THE 
I 
GRAVELS Hl THlS SAME AREf.t OF .JONES/GAI_ENA GRF.F.:KS lO BE IN 
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39«15' 140 000 FEET
ABBREVIATED LIST OF GEOLOGIC UNI1
GEOLOGIC CROSS SECTIONS AND GRAVITY MAP
For complete explanation of these symbols see 
colored geologic map of this folio
The geologic cross sections of this sheet illustrate the siihsurfage 
distribution of the geologic units shown on the geologic map. 
These cross sections are interpretive drawings based on geologic 
mapping, water-well data, shallow seismic profiles, and gravity 
measurements. The portrayal is generally most accurate near the 
ground surface, becoming progressively more diagrammatic with 
depth. The thickness of some surficial units, especially around 
Wishoe Lake, is exaggerated so that they can be seen. The user is 
referred to the geologic map of this fblio for details of the surface 
geology along the section lines.





^ QfS** gravel of alluvial fans
The Bouguer gravity anomalies are shown by red contours on the 
map. These data were used in constructing the inferred subsurface 







DEBRIS FLOWS OF SLIDE MOUNTAIN
□sdl thru Granodioritic debris of sequential dl
Qsd9 flows 1 through 9 ’
Qsdc Coarse deposits of debris flows <
Qsdb Shattered granodionte slide blocks
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Qfg , Qfs , 
Qfsb 
O  
fic ill '] 
f 
i
. fere iate  
Sand and gravel f all ial fans 
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O 1 r it ic de r is of s al 
flows  through 9 
oarse de osits ·01 e r is flows 
O tered ra i rite s ide b locks 
Debris flows , undivided 
■ °UyP /_______________m
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REVIATED LIST OF GEOLOGIC UNITS GLACIAL DEPOSITS
mplete explanation of these symbols see the 









Sand and gravel of alluvial fans 
Talus
, Basin alluvium 
Slope deposits
FLOWS OF SLIDE MOUNTAIN
ku Granodioritic debris of sequential debris 
flows 1 through 9 
Coarse deposits of debris flows 
Shattered granodiorite slide blocks 
Debris flows, undivided
Qgml thru Glacial moraines of sequential glaciations 1 
Qgm4 through 4
Outwash associated with similarly num­
bered moraine
Glacial moraine, undifferentiated 
Glacial outwash, undifferentiated 
Old windblown sand 
Old sand dunesi?)
Siliceous Snter and travertine 
Old landslide deposits 
Glacial outwash and/or landslide deposits 
Unbedded pebbly sand 
Old alluvium 
Old lake deposits
Gravel deposits of the Mount Rose fan 













Flows, tuff, and 
Formation 
Th /" Hartford Hill RhyolitelTuff
f^g Hornblende-biotite granodiorite
pKm, pKmb Metamorphic rocks
-eccias of the Alta
Well. Approximate location of water wells 
used in interpretation; some are pro­
jected onto the cross sections.
Location of shallow seismic refraction 
profile; some are projected onto the 









Steamboat Hills Rhyolite 
Rhyolite pumice conglomerate 
Basalt
Contour of Bouguer gravity anomaly in 
milligals, dashed where control is poor. 
Contour interval 2 milligals. with 
supplemental contours at -185 and 
-195 milligals.
Flows, breccias, and dikes of the Kate Peak 
Formation
Giwity station. Ten stations in the 
map area are hidden by the • cross 
sections.
W- ^, :
, Gravity mod91 ,_ te11t) •.•••.......•....•.••••..•.•.......•. , ...... ··· 
----F ra ktown Creek Fan 
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By R.W.Tabor and S. Ellen, 1976 (
U. S. Geological Survey ■, ^
Geology based on Tabor. R. W. and Ellen. S.. (1975) Geologic Map <« Ihe Washoe City Quadrangle,/ 
Washoe City Folio. Contoured gravity anomolies based on Thompson. G. A. and Sandberg. C. H. 
(19581, Erwin. J. (1975), and gravity surveys by Janell Edman, 1974 and Stephen Ellen. 1975.
1 INCH EQUALS 2000 FEET
0 0.5 1 MIL-E
1 1 . 1 . ... 1
1 1 1 1
0 2000 4000 FEET
0.5
-H-1 I I I I I I
1 KILOMETER
ation. Ten stations in the 
are hidden by the cross
1000 METERS
Topographic base from U. S. Geological Survey 
Washoe City 7V4' quadrangle, 1968
Cartography by Susan l_ Nichols
VERTICAL SCALE 1 INCH = 1000 FEET
CONTOUR INTERVAL 40 FEET 
DOTTED LINES ARE 20-FOOT CONTOURS 
DATUM IS MEAN SEA LEVEL
NEVADA BUREAU OF MINES AND GEOLOGY 
UNIVERSITY OF NEVADA 
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ZEGGUTU9YU EL URrEMVrUR ZUNrM SG rMU V..OAEO,0 ■UrCUUL rMU rCS 
RrOZEUR UtERrRF MSCUAUTy ■SrM RrOe-UR RMSC V ZUGELErU 
rMELLELD SG rMU DTVAU.R EL rMER VTUV VR YS9NVTUZ rS rMU 
UtrTU9U rMEYWLURRUR EL rMU LSTrMUTL NVTr SG RrUV9■SVr AV..U0y 
CURrUTL CVRMSU AV..;U&-2Z rMU CURrUTL rTOYWUU 9UVZSCRI ■SrM 
RrOZEUR RMSC rMVr rMU V..OAEV. ZUNrMR VTU ELZUUZ REDLEGEYVLr 
TUDVTZ.URR SG rMU ZERNVTEr0 ■UrCUUL rMU rCS TUNSTrRI
% CErM TURNUYr rS rMU ZUDTUU SG RUER9EYEr0 SG rMU VTUVy rMU 
9UVROTUZ ZUNrM SG DTVAU.R SAUT ■UZTSYW NTURULrR V REDLEGEYVLr 
TERW SG RUAUTU ZV9VDU rS ■OE.ZELDR VLZ rS rMU .EAUR SG rMU 
TUREZULrR SG rMER VTUVI 9VL-9VZU RrTOYrOTUR ZUAU.SNUZ SL 
DTVAU.R EL V MEDM RUER9EY TERW VTUV ER UtrTU9U.0 MV’VTZSOR Vr 
■URrI TU.VrEAU.0 RrTSLD I■UZTSYW 9SrESL ZOTELD V RUER9EY 
UAULr 9SAUR EL V CVAU GST9I rMU TURO.r ER V rSRRELD SG rMU 
SAUT.0ELD DTVAU.R EL ROYM V 9VLLUT VR rS VNNTStE9VrU rMU 
RLVNNELD SG V RVLZ0 TOD VLZ S■RUTAELD rMU CVAU VLZ rMU 
rSRRELD SG rMU RVLZ VR rMU CVAU NTSDTURRURI VL0 RrTOYrOTU SL 
rMU SAUT.0ELD DTVAU.R ME.. ■U Vr rMU 9UTY0 SU rMUI ZOTVrEZL 
VLZ V9N.ErOZU SG rMU DTSOLZ 9SrESLy -InIy rMU rSRRE2LD SG rMU 
OLYSLRS.EZVrUZ DTVAU.RI ‘‘
GEDOTU iA, E..ORrTVrUR rMU ZULREr0 SG rMU TUREZULrEV.
ZUAU.SN9ULrI CErMEL rMU DTV■UL EL rMER NMSrSDTVNMy rMUTU VTU
SAUT Jll TUREZULrEV. ZCU..ELDR VLZ VZZErESLV. RUYSLZVT0
RrTOYrOTUR ROYM VR ■VTLR VLZ VLE9V. RMU.rUTRy RrSTVDU RMUZR
(
VLZ ZUrVYMUZ DVTVDURI ■OE.r SM ST LUVT S■AESOR GVO.r RYVTNRy 
CErMEL rMU DTV■ULy VLZ EL rMU NSrULrEV..0 MSRr VYrEAU NVTr SG
7
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DIFFERF.NCE rn F.SlIMATt-:s DEPTH OF THE ALLUVIUM BETIJEHI THE TIJO 
STUDIES EXISTS; HOWEVERs BOTH STIIDJES SHOLi f>. TJF.:FHHTE
THINHING OF THE GRAVELS IM THIS AREA AS COMPARED TO ,THE
EXTREnE THJCKNF.SSES IN THE NORTHEF:N PART OF STEAliBOAT VALLEY,
WESTERH WASHOE VALLF--¥./4o THF. WESTERN TRUCKEE MF.AUOWS. BOTH
STUDIES SHOW THAT THF. ALLLI\.11Al. DEPTHS ~RE JNDF.ED SI61'!JFICM!T
REGARDLESS OF HIF. OISPAR CT'f BETWEEN THE TWO . REPORTS. 
WITH RESPECT TO THE DEGREE OF SEISliICITY OF THE AREAr THE
MEASURED OEPTH OF GRAVELS OVER BEDROCK PRESENTS A SIGNIFICANT
RISK OF sn1r::RE flAliAGE TO BUILDINGS M!D Tf.l THE l.JVES OF THE
RESIOF.NTS OF THIS AREA, MAN ·iil'\OF. STRUCTIJRF.S [IF.VE:LOPEU Oi'!
GRAVELS rn A HIGH SEJSHIC RIS~~ Ar~EA rn E>:TREnELY HAZf.\F: ilOUS AT
BEST, RF UH IVEL.'( STRONG _ .BEDRflr.K MOTION DUR ING f'I SEISMIC
EVFNT nOVfS H1 A WAVE FOf,H. THE RF.SULT IS A TOS HIG OF THE
O'JF.RLflNG GRAVEL:, IH SUCH F) i'IAHNER AS TO APPROXIMATE THE
SNAPPING OF A SANDY RUG ANn OBSERVING THE WAVF AHD T~E
TOSSING OF THE SMID F)S THE WAVE PROGRl:SSE:S. Atf'f STRU CTURE ON
THE OVERLYH!G GRAVELS ~JILL BE fiT THE HERCY OF THE fll.lP.l'\TJOM
AND AMPI.I TIHtE:
UNCONSOLIDATEfl 
OF THF... GROIJNO MOT ION, i.e., THE TOSS , >.!G 1)F THE
GRl'\VELS. . / 
FIGUf-:F. l 4 JL.L.LISTRATF.S THE r•Er!SJTY OF THE RESJIIF.iHl AL 
DEVl:LO ~ HENT. WITHIN THE GRABEN IH THIS PHOT06RAPH, THERE ARE 
• 
OVER 2(•(• F:ESHIENTI M . f~LIEI LI NGS Mm ~DD IT JOi'!AL SECOr!DAr:Y 
STRUCTURES SUCH AS 8ARt!S ANO ANIMAL SHELTERS, 8TORAfH: SHEDS 
I 
MHI Dl:Tl":CHF.fl GAF:1'\GES, flllJLT Or! Of·; t!Ei!\F: CIBVJOLIS Fhlll.T SCf.\RF'Sr 
IJ ITH H! T Hf. 0 R 1-'l BE N , AM ti HI THE PO T F. M Tt A I • l. '( O S T AC Tl 1J F. PA R T O F 
{ 
l;mk
rMG rMGI?E? VTUVI UVYM VLZ UAUT0 MS9U P? EL GItrTUMG MVLDUT SG 
RrTOYrOTV. SVMVSU EL rMU UAULr SG V REDLEGEYVLr.0 MSSUTVrU ST 
RrTSLDUT UVTrM^OVWUI V.rMSODM LS REDLEGEYVLr RGIERMEY UAG41rR 
MVAU SYYOTTUZ EL rMU rMURER VTUV ZOTELD MERrSTEY rEMU6 
RUAUTV. RMV.. UVTr0i^i2mGR MVAU SYYOTTUZ MUTU0 VLZ Vr .UVRr 
rCS MVAU SYYOTTUZ ZOTELD rMU CTErELD SG rMER NVNUT :DTVNM 
PI7I rMER .VYW SG TUYSTZUZ VYrEAEr0 RMSO.Z LSr EL VL0 CV0 
MELEME’U rMU NSrULrEV. RUERMEY TERW SG rMU VTUVI rMU ROTGVYU 





EL VrrUMNrELD rS ZUGELU rMU RUERMEY TERW SG rMU TULS - YVTRSL 
YEr0 VTUVjT0V..y Ur V.I 5PyHV7 VLZ R.UMMSLR 5Py1!7 MVAU RMSCL 
rMVr rMU UtERrULYU SG rMU AULrOTV - CELLUMOYYV VYrEAU ’SLU, V 
’SLU DULUTV..0 GS..SCELD rMU EERrM MUTEZEVLj ER V MV4ST 
YTORrV. ■TUVW VLZ rMVr RUAUTV. MV4ST UAULrR .ERrUZ EL rV■.U 
HI SYYOTTUZ V.SLD rMER ’SLUI rMU rUYrSLEY NTSYURRUR 
TURNSLRE■.U GOT VYrEAEr0 V.SLD rMER LVTTSCj E..-ZUGELUZ ’SLU 
VTU YSLGELUZ rS rMU ’SLU VLZ VNNUVT rS VrrULOVrU 5jTVZOV.iI0 rS 
rMU LSTrMUVRrI VZZErESLViIiI0, EE ER RSMUOMVr VNNVTULr rMVr 
rMURU rUYrSLEY GSTYUR ZS LSr UtrULZ rMUET ELGO-ULYU ELrS 
ROTTSOLZELD VTUVR .*7)ANdh Ur Vi I T SOFRR4 rMER rUfWrSLEYI VtER 








.VLU GVO.r R0RrUMR GST9ELD YSL4ODVrU RUrR SG GVO.r VYrEAEr0I
1
rMU REUTTV LUAVZV GTSLrV. GVO.r, VLZ rMU CV.WUT
rMU YSL4ODVrU RUr 5GEDOTU PPy7I rMU
92 
THE THESIS AREAr EACH AND EVERY HOH[ 15 IN E~TREHE DANGER OF
/ 
STRUCTURAL OAHAGE IH THE EVEHT OF A SIGNIFICANTLY HOOERATE OR
STRONG[R . F.ARTHQLIAKF.. f.lLTHCHJGH · trn SIGNIFICANT SF.JSHJC n .1,t NJS
HAVE OCCURRED HI THE THESIS AREA OIJRH!G Hl~HORIC TI E,
SEVERAL SHALL HAUF OCCURRED HEREr AND AT LEAST
TWO HAVE OCCURRED OURIMG THE WRCTIMG OF THIS PAPER (GRAPH
1;>. THIS LAC~ OF RECORDED ACTJVIlY SHODLD NOT IN ANY WAY
HIHIHIZE HIE POTENTIAL SEISHIC RISK 1JF THE AREr). THE SURFACE
EVIDENCE Sf-'EA~S FOR ITSELF. 
IN l'\TTEHF'TING TO IIEFH!E THE SEISliIC RIS~~ OF THE REHO CAP.SOt!
CITY AREfbRYALL, ET AL. (1966) ANO SLEiiHOHS <1967) HA 1JE S OLJN
THAT THF. EXISTENCE OF THE VENTURA WINNEliUCCA ACTIVE ZONEr A
ZONE GENERALLY FOLLOWING - ~HE 118TH HERIDIAN, IS A HAJOR
CRUSTAi_ ~RF.AK AND THAT SFVFRAL HAJQR EVENTS LISTED JN Tf.lBL.E 
6. OCCIJRRFJ) f\LONCi THlS, ZONE. THE TECTONIC PROCESSES
RESF-'ONSJBLE For-: ACTIVITY ~LOHG THIS NM:ROW, !LL DEFlNEn ZOr!E
ARE CONFINEO TO THE ZOHE AHO APPEAR TO ATTENUATE GRAOUALLY TO
.THE NORTHEAST, ATJDITJOr!ALLYr J1 IS SO!iElJHAT ~PPARF.NT THAT
THESE T~CTONIC FORf~ES no NOT E:nEHO THEIR I'NFL j ENCF.. INTO
SUF~ROllt!DJNG ~REr~S (RYAi.Lr ET f:I . • r l '1t'sM, THIS rfJHJC (-1>:JS ( 
INTE:RSECTS SEVERAL OTHER rlf1 . .JOR ACTl 1JF. ZONES INCLUDING Tiff.: SAN 
THE SIERRA NE.VADA FRot!TAL F(-1ULT r M!D THF: ~iALKF.F: 
LANE F~lllT SYSTEiiS FORMING ~OHJUGATE SETS OF ~AULT ACTIVITY, 
• 
THIS CONJUGATE THF.Ur-:Y F'RE.SfNTF.:fl RY RYALL., ET r~L, 0966) DOES 
TEND TO SIJGGE ~:i 'f f) CONCLUSION TH:H rl:).JOR ACTIVIH ON ONE OF 
( 
THESE ACTIVE 7.ltl-!ES COULT! TO SOME TIF.(;f-:F..E C(-1!.ISE (-1CHVJTY Or! Of-: 
NE:'\R THE FAULTS OF THE COMJIJGATF. . SF.T (FIGURE 1l,), THE 
rMURER VTG52 ER .SYVrUZ VNNTStELVrGEI0 JlK WM 5PJ?- MEiIUR7 
LSTrMCURr SG rMU NSELr CMUTU rMU AULrOTV - CELLUMOYYV ’SLU 
VLZ rMU CV.WUT .VLU ’SLU ELrUTRUYr MUVT MELVj LUAVZVI 0Gr 
rMU CV.WUT .VLU NVRRUR 1^ WM 5Kl MOUR7 UVRr SG rMU YEr0 SG 
TULS rTULZELN LSTrM0T+i; rMTlO^M GUTL.U00 LUAVZV rS N0TVMEZ 
.VWUI rMU rMURER VTUV ER V.RS VNNTStEMVrU.0 rMU RV9U 
ZERrVLYU GTS9 rMU ELrUTRUYrESL SG rMU AULrOTV - CELLUMOYYV 
’SLU VLZ rMU REUTTV LUAVZV GTSLrV. GVO.r ’SLU LUVT ■rRMSN6 
YV.EGSTLEVI rMU REUTTV LUAVZV GTSLrV. GVO.r NVRRUR rMTSODM 
rMU rMURER VTUV VLZ E99UZEVrU.0 CURr SG rMU YEr0 SG TULSI 
rMU NTStE9Er0 SG rMURU 9V4ST ’SLV. ELrUTRUYrESLR rS rMU 
.VTDUT NSNO.VrESL YULrUTR SG LSTrMCURrUTL LUAVZV2 rMU rVMSU 
■VREL VLZ rMU rMURER VTUV NTURULrR DSSZ YVORU GST CURrUTL 
LUAVZV rS ■U Y.VRREGEUZ VRI rMU RV9U RUER9EY ZV9VE?U TERW VR 
RVL GTVLYERYSF CMEYM ER ?ETVZZEIELD V AUT0 VYrEAU RUD9ULr SG 
rMU RVL VLZTUVR GVO.r R0RrU9I CErM TURNUYr rS rMU TUYOTTULYU 
YOTAUR NTURULrUZ ■0 T0V..F Gr ViII 5Py60:6I7 GST rMU AULrOTV - 
CELLU9E4YYV ’SLUF rMU VYrEAEr0 SG rMER ■U.r ■UYS9UR AUT0 
REDLEGEYVLrI V TVrU SG SYYOTTULYU SG M ‘ 1Il UAULrRF CMUTU 9 
ER rMU TEYMrUT 9VDLErOZUF U^OV. rS ly11 NUT 0UVT NUT PFlll 
RSI WMI RMSCR rMU GS..SCELT YS9NVTERSL-COIVrE SMRMEN-r rS SrMUT






THESIS AREf\ JS LOCATED APPRO>:HiATF.LY ?C•3 ~;N < 12::i rill.ES) 
NORTHWEST OF THE POIHT WHERE THE VENTURA - WINNEHUCCA ZONE 
AND THE ~IAL.I\ER L.MlE ZOt-!r HHF.RSEOT tlEAF: nrnA, NEVADA. "" F T 
THE WALKER Lf\NS:.: PASSES 48 i<ii (3•) rttL.r::S) EAST OF THE crn OF 
RENO TRENTJJ NG NOP.T~ THROUGH FERNLEY r NEVAflA TO f'YRAnlII 
LAKE. THE THESIS A~E~, IS ALSO APPRO:-<t ATELY THE SAME 
DISTAHCE FROM THE INTERSECTION OF THE VENTURA WIN~EnUCCA
ZONE ANO HIE SCERRA NEVADA FRONTAL FAULT ZONE NEAR BISHOP,
CAL.IFOIHHA. THE SIERRA NEVADA FRONTAL FAULT PASSES THROUGH
HIE THESIS AREA AHD IiiiiEOtATE:L.Y WEST OF THE CITY OF RENO.
THE PROXJHITY OF THESE HAJOR ZONAL JNTERSECTIOHS TO THE
LARGER POPIJL.f.'IT ION CENTERS OF NORTIIWF.STERN NEVl'HH), THE TAHOE
BASIN AHD THE THESIS AREA PRESENiS GOOD CAUSE FOR ~ESTERH
NEVAOA TO BE Cl.f.'ISSIFIEO AS ~ THE SAHE SEISMIC DA~AOE RISK AS
SAN FRAHCISCO, WHICH JS S"IRAD))I.JNG A VERY ncnvr: SEGiiENT flF
THE SAH ANOREAS FAULT 1HSTF:i1_, \.JITH RESPECT TO THE RF.CURRENCE
CURVES f'RfSENTH1 RY RY~LL.r ET (~I., Cl96t. ) FOR THE VD!TlJR(i
WIHNEiilJCCA ZONE, THE ACTtV[T"f OF THIS BELT BECOMES VERY
SIGHIFJCANT. n RATE OF OCCURRENCE OF H ~.O EVENTSr WHERE H 
IS THE RICHTER rtAGNHIJOE 1 EQUAi .. lO •). 44 Pl::R "(EAR y: R 
so. Kn. SHOWS THE . FOLL OWJ NG COnPr'\f,J StHi p·~(iT l OHSH7 TO






VYrEAEr0 SL rMU AULrOTV - CEMLUMOYYV 
VYrEAU ’SMU, YSMNVTGeI
P-I J rELUR DTUVrUT rMVL rMU L ‘‘ 1 RMSYW TVrU EL rMU RSI
YV.EGI TUDESLI
JI K rELUR DTUVrUT rMVL a 1 RMSYW TVrU EL rMU LSI
YV.EGy TUDESLI
KI K rELUR DTUVrUT rMVL rMU L 1 RMSYW TVrU EL rMU YV.EGI 
YSVRr TUDESLI
1I K rELUR DTUVrUT rMVL rMU L ‘:b 1 RMSYW TVrU EL rMU TSYW0 LrI 
TUDESLI
?I ? rELUR DTUVrUT rMVL rMU L ‘ 1 RMSYW TVrU EL rMU NODUr 
RSOLZ TUDESLI
T0VEI. VLZ AVL OSTLUT 5Py^l7 RODDURr t EL rMUET UGGSTrR rS 
ZUrUTMELU NTSNUT MUrMSZR SG ZUrUTMELELD NTUZEYrESL SG MVtEMO9 
LVDMErO,-GR UtNUYrUZ EL rMU CURrUTL DTUVr ■VRELI rMVr MEDM 
AV.OUR SG MVtE,0OM VYYU.UTVrESL RMSO.Z ■U VRREDLUZ RNUYEGEY 
GVO.r ’SLUR OLrE. ROYM rELU VR V LSTUQ YSLN.UrG NV.USRUERMEY 
OLZUTRrVLZELD SG rMU VTUV ER VYYSeN.ERMUZI rMURU RNUYEGEY 
VTUVR VTU rMSRU rMVr LUGr T0V.. VLZ AVL CSTLUT;R 5Py^l7 
GS..SCELD YTErUTEVQ
PI ’SLUR CMEYM MVAU rMU YVNV■E.Er0 GST .VTDU UVTrMYOVWUR 
UAEZULYUZ ■0 NTUAESOR SGGRUrR ZOTELD .VrU ^OVrUTLVT0 rEe■I
YrMU REUTTV LUAVZV GVO.r ’SLU MVR NTSZOYUZ DTUVr UVTrM-6OVWURI 
rMU SCULR AV..U0 TUDESL VLZ RSOrM ER YVNV■.U SG e ‘ ^Il; 
UAULrRI VLZ GTSM ■ERMSNy YV.EGSTLEV LSTrM rMU ’SLU 4‘ 6VNVNiIU 
SG M !F? rS !I^ UAULrRI INUVRU 5Py!y7 RrOZEUZ rMU DULSV 
GVO.r RUDLULr SG rMU REUTTV LUAVZV GVO.r RSOrM SG YVTRSL YEr0 
VLZ SUrUTMELUZ rCS ZERrELYr UAULrR CErMEL rMU 2VRr 1ylll 
0UVTR CMEYM TURO.rUZ EL S■RUTAV■.U ROTGVYU TONr.rfUy VLZ
7
TABLE 7. 
ACT IV IT'{ OH THE VE:HTIJR~ "Il'INEHIJCCA 
ACTIVE ZONEr COtiPARE'D. 
1·. 2 l)liES 6REATER THAN THE Ii -· " SHOCK RriTE IN THF. so. CALIF. REGION. 
2. 3 TJliES GREATER THAI'! " SHOCK RATE IN THE NO. CALIF, REGION. 
3. 3 TlliES GP.EATER THAH THE ti .. " SHOCK RATE IN THF. f.Al.J F •COAST REGION. 
4. 3 TJtiES GP.EATER THAH THE ti -· ,t SHOCK RATE IN lHE ROCKY tiT. 
REGION. 
5. 5 TJHES GREATER THAI'! THE ti -· ,t SHOCK RriTE IN THE F'UGF-T 
SOIJHO REGION . 
RYALL AND VAN WORliER (l9BO> SUGGEST r JN THfIR EFFORTS TO 
DF.:TERiiIN!:: PROPER iiEHIOOS CIF -DETERiitNING PREOICTIOH OF f1:<1n1JH
HA6NJTUDfS EXPECTED IN THE WESTERN GREAT BASJNr THAT HIGH
VAI_IJES OF HAXIiiUH ACCELERnTtOH SHOIJL.O BE ASSIGNED SPECIFIC
FAULT ZO~lES UNTIL SUCH TJtiE As·· ii tiOF:E f.Orir-LETF f'(.iLEllSEJSHIC
UNDERSTAHOING OF THE F\REf) IS ACCOiiPL !SHED. TI-IESF. SPEC IF IC
ARF.{iS M:E THOSE THAT tiEET R'YALL M!TJ VM! ~IOHriER' S C 198(• > 
FOLLOWING CRITERIA; 
1. ZOHES ~JHJCH HAVE THE C:APAI<JLITY HJR L.M:GE EfiRTl-i(WA~:ES
EVI DENCEO BY PREVIOWi OFFgETS OURH!G LATE QIJf.lTERNARY nnf 
CTHE SIERRf.: NEVAflA Ff.:UL.T ZOt!E HAS f'ROl)UCEll Gr·:EAT E(-1f-:T~ M:F.:s • . 
THE OWENS VALLEY REGIOH ANO SOUTH IS CAPABLE OF ii = 8. O• 
EI.' ENT S r M!n FRO Ii B J SHOP , CA l.J F (IF: r-!J h N (I I: TH T 11 f. 7fJ r!E J E fi~ r-· (-1 Fl LE
OF ii 7.5 TO 7.8 EVEHTS, . PEr.iSE (1979) STUDlf.O THE GENOA 
FAULT SEG~iENT OF THE SIERRr.i NEVAflA Ff.iLILT SOUTH OF CM:S(1~: CHY 
ANTJ OF.TF.RiiINF.O TWO 0 I ST INC T E 1JF.MTS
/ YEAr<S mtJCH F:ESUL.TED HI Ol<SEf:1,,'AF !LE SIJRFr~CE RUP Tl.;f:E, . M![t 
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VZlErElLVOI0! rMTUU rS GSOT SrMUT MS.SYUMU ,-SAUMULrRrI
Jy !lLUR SG V MSZGTVrG .UAU. SG RUERMESEr0 ■VRUZ ONSM VL 
UtrULREAU RV9N.U SG RMV.. UVTrM^OVWUR VLZ 9EYTSUVTrM^OVWU 
ZVrVI
YT0V.. VLZ T0V.. 5Py■l7 MVAU RMSCL rMVr V AUT0 VYrEAU 
UVTrM^OVWU RCVT9 UtERrR EL rMU AEYELEr0 lP‘ rMU RrUV9■SVr MSr 
RNTELY-R4 RUAUTV. R9V.. UVTrM^OVWUR SG M : KI? MVAU SYYOTTUZ 
EL ST LUVT rMU rMURER VTUV ZOTELD rMU CTErELD SG rMER NVNUT 
5RUU RUER9SDTVNM EL NSYWUr74 VLZj V.rMSODM rMU GVO.r RYVTNR 
CErMEL rMU rMURER VTUV VTUV NTUMERrSTEY, rMU0 VTU YSLREZUTUZ 
rS ■U .VrU N.UERrSYULU 5rTUt.UTj Py!^7 ST 0SOLDUT 5MVN Py77 
V REDLEGEYVLr RCVT9 SG UVTrM^OVWUR SYYOTTUZ RSOrM SG rMU 
rMURER VTUV LUVT MVTW.UUAE..U! YV.EGSTLEV EL Py^lI VLZ 
NUTMVNR VR T0V.. VLZ AVL CSTMUT 5Py^l7 MVAU RODDURrUZI rMURU 
YSO.Z ELZEYVrU bGSTURMSYW VYrEAEr0 LUVT rMU !lLU SG rMU 
E9NULZELD 9VEL RMSYWsZI
KI ’SLUR SG LS 9V4ST SGGRUrR ZOTELD rMU MERrSTEY VLZ AUT0 
TUYULr NTUMERrSTEY NUTESZI 5
YYUTrVELiI0 LS 9V4ST SE GRUrR SYYOT EL rMUMC1UCR VTUV r2 VTU 
AERE■.UI VLZ rMER VOrMST ELrUTNTUrR rMU RYVTNR rMV6 VTU 
NTURULr 9STU .EWU.0 rS ■U GST9UZ ■0 R.SC YS9NVYrESL RUrr.ELD 
SG rMU GVL 9VrUTEV.R rSCVTZ RrV■E.Er0 VGrUT .VTDU SGGRUrR 





ADO IT IO NALL'( 1 THREE TO FOUR OTHER HOI • Or.ENE iif.lVEiiENTS J. 
2. 'ZONES OF A tiODFRATF. LEVEL OF SElS~iIGITY f<ASET.I LIPOH M! 
E'XTENSl'JE SAMPLE OF S ALL EARTHQUAKES AHD M.ICROEARHIQUAKE 
DATf-1. 
CP.Yf-11.L AtlD RY(ll.L <198C•) . HAVE SHO~i'! THAT A VERY hCTIVE
EARTHQUAKE SWA~ti EXISTS IN THE VICINITY OF THE STF.AliBOAT HOT 
SPRINGS; SEVERAi. SHALL E(IRTHQUAKES OF rt< 3.5 HAVE OCCURRED 
Ht OR NEAR THE THESIS f-lr<EA IHIRINB THE WRITING OF THIS PAf'EF: 
< SF.'.E SE tSiiOGRAPH HI POCKET>; AHfJ, AL THOUGH THE FAULT SCARPS
WITHIN THF. THESIS AREA AREA PREHISTORICr THEY ARE CO~SIDERED
TO BE L.ATE PLEISTOCENE (TRE~LER1 1978) OR 'fOUNGER (MAP 1,);
A SJGMIFJCM!T SWAr~ti OF EMflHOUM:ES OCGURRF.TJ SOUTH OF THE
THESIS AREA NEAR HARKLEF. 1HLLE 1- CAUFORNIA HI t 98•), AijD
0 q 
PERHAPS AS RYAU. ~NTI VMI WOl{ F.:R < 1980 > HAVE SUGGESTED, THESE
COULO IHOIC/HE 'FORESIIOCK ACT_IVIT'f NEAR THE ZONE OF THE
IHPENDINB liAIN SHDGK'J, 
3. ZCttffS or NO liAJOH OfFSF.TS [llJRHW THE HIS TOIU C r..rrn VERY
RECEHT PREHISTORIC PERtf)D, ) 
[CERH~INI. Y NO liAJOP. or-FSETS OCCUf: IN THE TIIEti;J S ~REA / T ~RE 
lJISt8LE, f'IND THIS AUTHOR INTF.RPP.E:TS THE SCARPS Hlflf ARE
PRESENT ~iOf~E L.H:ELY TO f<F. FDf-:liED F< ·, SLOW COiiPl'\CTlOr! .SETTLH!G 
OF HIE FA~ MATERIAl..!i TOIJ:'.\RD STl'-lfJILIT'f AFTER LARGE OFF8F.TS 
• 
HAVE ocr.llRRETJ OM THE SJfRRA ~!F.VMJA FMII. T IJHJCH lillST llr!Tlf.RLY 







UtVLELVrES9 SG GEDOTU 2. SG T0VEI. V9Z AV9 CSTMUT 54yll7 
TUAUV.R rMVr rMU 9V4ST MS.SYUMU UAULrR UtrULZ GTS9 rMU SCULR 
AV..U0 VTUV rTULZELD LU rMTSODM GV..SL VLZ iSAU.SYW0 LUAVZV 
5V.RS RUU GEDOTU ^y7I rMURU VOrMSTR RMSC rMVr 9VL0 RMV.. 
UVTrMTOVWUR MVAU ■UUL TUYSTiii2 EL rMU RLD■’- VLZ NVTrEYO.VT.0 
V.SLD rMU REUTTV LUAVZV GVO.r ’SLU GTS9 MVTW.UUAE..U6 NVRr 
YVTRSL YEr0 VLZ CURr SG TULS rMTSODM rMU rMURER VTUVI rMU0 
ZURYTE■U rMER VTUV VR rMU VTUV SG ■URr YSAUTVDU ■0 rMU 
OLEAUTREr0 SG LUAVZV RUERMSiIZDEYV. iIV■STVrST06 rMVr ER- rMU 
VTUV VTSOLZ TULS VLZ ■UrCUUL 9SLS .VWU VLZ CV.WUT .VWU MVR 
rMU ■URr YSAUTVDU ■0 rMU LUAVZV RUER9EY LUrCSTWI
rMU YSLY.ORESLR SG T0ViI. VLZ AVL CSTMUT 5Py^l7 SL rMU RUER9EY 
Y0Y.U EL LUAVZV GELV..0 ■UDEL rS .UVZ rS V NSRRE■.U 
50n5DBAI0nE IP TJO AOIArI5 5U5DO 5TUrOTL NUTESZ7 GST UAULrR 
SG M !Il ST DTUVrUT VTU iIVTDGI, SL rMU STZUT SG rMSORVLZR SG 
7’)*sh EL rMU CURrUTL DTUVr ■VRELj rMUL rMU VTUVR VTSOLZ rMU 
RErUR SG rMURU UAULrR VTU TU.VrEAU.0 RVGU GST V DTUVr NUTESZ 
SG rE9U VGrUT 9V4ST RMSYWRI YSLAUTRU.06 VTUVR CMEYM MVAU LSr 
UtNUTEULYUZ 9V4ST RMSYWR EL rMER TUDESL ■UYS9U VTUVR SG 52TUVr 
YSLYUTL GST rMU NSRRE■E.Er0 SG 9V4ST RrMrY2,R CMUL rM2MTUU 
YTErUTEV 5V■SAU7 VTU VNN.EUMI rMU rMURER VTUV GErR ELrSI 
rMURU rMTUU YTErUTEV ^OErU CU..y Er ER rMER VOrMST;R 
YSLY.ORESL ;rMVr rMU YVRU GST rMU REDLEGEYVLr RUER9EY TERW EL
j
AND ARtlUND THE THESIS AREA HAS BEEN ESTABI.TSIIED*
7
7 
EXMiINATl O~! OF F JGltr~E ?. , OF RHiLL MW VM! .WOi=:tiER < l 98(•)
REVEALS THAT THE MftJOR HOLOCENE EVENTS EXTEHO FROM THE OWENS
VALLEY AREA ·TRENDING NE THROlJGH FALLON AND LOVELOCK, NEVADA
C ALSO Sf;.E · F HiURE 8, ) , THESE AUTHORS SHOW HlfH MAH"( S ALL
EARTHP.UAY.fS HAVE BF.EN RECO-. ED IN THE SNGf.lZr MUI F'ArflJClJL.Af<l.Y
ALfllNG THE StERRA NEVAJlA · FAIJl.T ZONE FR!)rl HARKLEEVILLF., PAST
CARSOH CITY AHTI WEST OF RENO THROUGH THE THESIS AREA. THEY
DESCRtBF. THtS AREA AS THE AREA OF 8EST COVERAGE BY THE
UtHVF. SiiY Of NF.VATIA SEJS~iOl.OGJCAL UiBOIMTOr~H THAT ISr THE
AREA AROUND RENO AND BETWEEH i'IONO LAKE AND WALKER LAKE AS
THE BEST COVF.RnGE BY THE NEVADA SEJS~IC NETWORK, 
THE CONCLUSIONS OF RYAL LANO VAN IJORi'IER (198•)) OM THE SEISMIC
CYCL.F. rn NEVADA FINALt.Y BF.(;rn TO I.EMJ TO (i F'OSSIIH.E
CQNCUJS  ON: lF HE SEISMIC CYCL.E <REfURN PERIOD> FOR EVENTS
OF i'i =-: 7, Co or-: GREATER f'\RE L.nRGF. ~' Oi'i THE OIUIER OF THOLISM!DS OF
YEARS1 tN THE WESTERN AREAT B~SIN, THEN THE AREAS AROUND THE
SITES or THESE F.VENTS ARE RELnTJV[LY SAFE FOR A GREAT PF.RIOD
OF TirlE AFTER rh' .JOR SHOCKS, CCNVF.RSELY, AREl'IS WHICH HAIJF. NOT
I 
EXF'F.RJfNCF.Il liAJOR SHOCKS HI THIS REGJ:ON BEC:OliE Ar-:FAS OF } l~EfiT
CONCERN FOR THE PO~S [BIL.In OF Mf).JllR SFI IJC~ WHEN T;vTHREE
CRilFRJf'\ (MWVF.) ARF. AF'F'L.IF.:1, THE THESIS MffA nn; H!TO, 
THESE THREF. CRtTERlf) OlltTI:. WELL., IT IS THIS AUTHOR'S
com:uisrn1! • THAT THE CASE F(tf-: THF. SIGi-!JF JCM!T SEJSiiJC RJS~: H! • 
ll JNTJ HIF. fl lfrl~ F.fl! H'l81. ISI O, 
l 
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R.SNU RrV■E.Er0 MV’VTZ - TERW GIAV.OVrESM
i+!!
f
rMUTU VTU MVL0 NTSYURRUR ELAS.AUZ EL rMU GlTMVrEl1 VLZ
y K
VYrEAVrESL k, MVRR MVRrELH ST .VLZ R.EZELDI TSYW GV.. P‘ rMU 
GV.. SG V LUC.0 ZUrVYMUZ MVRR GTS9 VL VTUV SG ■UZTSYW V? CVR 
rMU YVRU SG rMU YSiI.VNUR SG rMU RSOrMUVRr GVYU SG R.EZU 
9SOLrVELy rMU ZUrVYM9ULr MV0 ST MV0 LSr ■U NTUYUZUZ ■0 9ELST 
9SAU9ULrRI TSYW GV.. ER LSr V TUV.ERrEY MV’VTZ rS rMU rMURER 
VTUV EL rMU RrTEYr ZUGELErESL SG rMU MV’VTZQ ■Or .VLZR.-ZELD 
ER ^OErU NSRRE■.U2 V.rMSODM rMU STEDEL SG rMU R.EZELD MVRR 
CE.. NTS■V■.0 LSr ■U GTS9 CErMEL rMU ■SOLZR SG rMU rMURER 
VTUVI RUER9EY UAULrR MVAU ■UUL rMU rTEDDUTELD GVYrST EL V 
DTUVr 9VL0 .VLZR.EZUR TVLDELD GTS9 RMV.. rS UtrTU9U.0 .VTDU 
VLZ ZUAURrVrELDI TUDESLV. rE.rELD ELYTUVRUR rMU R.SNU VMDE GIj 
NSRRE■.0 YSLrTE■OrELD rS RS9U .VLZR.EZUR 5rUT’VDMry i-_?l7I 
RSE. rUtrOTGI, VLZ URNUYEVE .0 DTVEL TSOLZLGIRR ELGi OULYUR 
DTSOLZ RrTULDrMy VR DTVEL TSOLZLURR ELYTUVRURy DTSOLZ 
RrTULDrM ZUYTUVRUR ■UYVORU lP- rMU .SRR SG DTVEL-.SYWELD 
V■E.Er0I DTSRR RrTOYrOTU VLZ R.SNU DUS9UrT0 VLSMV.EUR ROYM
VR GVO.r ZERYSLrELOErEUR VLZ V.r0,6,Vr2SL SG NU22V■iIG ■UZR 
ROYM VR RVLZ ST RVLZRrSLU VLZ CUVW.0 NUT9UV■.U2 ■UZR ROYM VR 
Y.V0 VLZ RE.rRy VLZ R.SNU STEUMrVrESM CErM TURNUYr rS GfFO.rR 
VLZ RrTUV9 ■UZR YVL V.. YSLrTE■OrU rS -VL0 MUVROGU SG
j
ELRrV■E.Er0 GTS9 R.O9NR rS R.SNU GVE.OTUR rS GO.. RYV.U 
.VLZR.EZURI YMVLDUR ZOU rS CUVrMUTELD VLZ SrMUT 
NM0?EZYMUMEYV. TUVYrESLR b VR EL DTVLiii;y YMVLDUQ EL 






SLOPE SH:BJL.JT'i HA71':1Ul RIS~: F.VALllATJOi'! 
THER~ ARE HANY PROCESSES INVOLVED IN THE FOR ATION AND 
ACTlVATJOH R()CK Ff.tLL I~ THE
FALL. OF A NEWl. .f DETACHEO HASS FRDM HH AREA OF 8F.OROCK A; WAS
THE CASE OF THE COL.LAPE$ OF THE SOllTHEf4Sl FACE OF f,LiflE
HOUNTnIN, THE OETACH~EHT HAY OR HnY NOT BE PRECEDED BY HIHOR
MOVEMENTS. ROCK FALL. IS NOT n REnLISTJC HAZARD TO THE THESJS
AREA IN THE STRICT OEFIHtTIOH OF THE HAZARD; BUT LAHOSL [ DING
IS RUITE POSSIBLE, ALTHOUGH THE ORIGIN DF THE Sl.IDJHG HASS
WILL PROBABLY NOT BE FROM lHTHtH THE 80IJNOS OF THE TriES·rs
ARE(-\. SEJSliIC FVFHTS HAVE RF.EN THE TF,I66EF:H!G F~CTOf-: IN A
GREAT HAtH I.ANOSl. lDES R!\NGING FROii S ALL TO E:(TREHE:L"f L ARGE
AND JJF:VESTA'f ·lNG. RF.GIOMAL T:cl.Tli'!G Hlf.F<E{-1SES THE SLOPE fl :-! GI E,
POSSIBC"f COHTRXBUTtN'7 TO , SOiiF. I.ANOSL.tOES CTERZAGHI, 1:>50:,,
SOIL TF.>:TUrffs ~Nft F.Sf'ECl~I L'i GF:flH! ROLit!Di'!F.SS Hff! L!DffES
GROUND STRENGTH, AS GRAIN ROUNDNESS INCREASES, GROUND
.STRENGTH ftF.CREf'lSES BF.CAUSF. 01· THE I. OSS OF GRAH!- Lf•CKJ ~!G
ABILITY, GROSS ST~IJCTURE AND SLOPE GEOi1E RY 
A~UES 
SUCH 
AS FAULT fl ISCOf!T H!ll J TI ES (.:HT.I f:L TF.f.AH Or! OF f'E • Efi BLF BEDS
SUCH AS SAND OR SANDSTONE AHD IJEAKL: f PERHE!'lBI..E BF.OS SIJ':H AS
Clf\'i Mm Sll.TS1 ,"\NT.I SLOPE or-:JD!H1TJOH WITH RF.:Sf'F.C:T r, F :'i l1LTS
AND S'fRF.Arl BEDS CAN Al.I COIHF:IBlJ TE TO •ANY E,i :;up:: OF 
• 
INSH1FIJL.UY FROli SLUliF·S TO SLOf·"E Ff-lILLIRF.S TO F!!l.L 5 Cf'ILE
LANDSLIDES • CHANCH·'. S 01.JF. n IJF.:f\THERING AN f.1 ii THER. 
PHYS IOCHF.li I CAL RF.hC:T J O~!S . AS rn . ' . fil~Mll l F.5 s CHM! SF.:- H!
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NSTGI■ Vee p*)eGc*psh TVELGV.i , ■9SOmGiIr YSO,.UE- CErM MO!VM 
VYrEAErEUR ROYM VR RrTUVM ZEAUTRESLy NSLZ ■OE.ZELDy 
ETTEDVrESLy Y.UVTELD SG AUDUrVrESL VLZ ZUGSTURrVifS9 
5ELY.OZELD TVLDU VLZ GSTURr GETUR7 YSLrTE■OrU rS rMU 
ELRrV■E.Er0 SG rMU " OLUAUL DTSOLZI UAUL NTSDTURREAU GVO.r 
YTUUNy rTUU TSSrELD VLZ rMU VYrEAErEUR SG ■OTTSCELD VLEMV.R 
VTU GVYrSTR LSr rSS RMV.. rS ■U EDLSTUZ EL ELYTUVRELD R.SNU 
ELRrV■E.Er0 5AVTLURy Py!^7I LUVT.0 UAUT0 SLU SG rMURU 
YlLrTE■OErELH GVYrSTR ER NTURULr rS RSMU ZUDTUU EL rMU rMURER 
VTUV ST V.SLD rMU 9VTDELRI
rMU VTUVR SG MSRr YSLYUTL CErMEL rMU rMURER VTUV CErM TURNUYr 
rS rMU R.SNU RrV■E.Er0 MV’VTZ 9ORr ■U rMU GVO.r RYVTNRI EL 
MVL0 ELRrVLYURy ZUAU.SNMULr EL rMU VTUV MVR TURO.rUZ EL 
GV9E.0 ZCU..ELDR ■UELD YSLRrTOYrUZ ST OT LUVT rMU GVO.r RYVTG- 
YTURrRI GEDOTU 4^I Ei.ORrTVrUR rMU r0NEYV. ELYSMNUrVLY0 SG 
rMU GVL 9VrUTEV. VR V DSSZ ■UVTELD ■VRU GST ■OE.ZELD 
YSLRrTOYrESLy URNUYEV..0 CMUL rMU DTSOLZ ER OLUAULI rMU GVL 
MVR S■AESOR.0 ■UUL GST9UZ ■0 rMU SOrG.SC SG TU.VrEAU.0 RrTSLD 
NO.RUR SG UTSRESLV. 9VrUTEV. ■UELD G.ORMUZ SOr SG rMUu YVL0SLR 
ST ■UELD CVRMUZ ZETUYr. 0 GTS9 rMU R.-4N,662SG rMU Y2SL TVLDU 
rS rMU CURr VLZ GTS9 rMU RrUV9■SVr MEiI.R rS rMU UVRrI V CV.W 
rMTSODM rMU VTUV CE.. TUAUV. rMVr EL V.. N.VYUR rMU GVL ER
YSMNTERGIe e, kP;U V00;DU A0;TOd rNTO;INDA ;NnsIns In s;NdIns
RE’UR P;0r RE.r rS ■SO.ZUTRI GEDOTU P^I V.RS E..ORrTVrUR 
rMVr rMUI RSE. MSTE’SL MUTU GST9UZ ER AUT0 U.U9ULrVT0y LUVT.0
I
.VYWELDy EL rMVr AUDUrVrESL SL VLZ VTSOLZ rMU URYVTN9ULr 
GVYUR VLZ YTURrR YSLRERER NTE9VTE.0 lP- RMV..SC-TSSrUZ RNVTRU
I 
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SUCH STREAM DIVERSION, POND BUILDI~G,
CL. F. n P. I t!G OF VEGETl-'ITJOH AHD DEFORESTA ro~
RANGF. AHD FOREST FIRES> CONTRIBUTE TO THE 
/ 
INSTf.iJHL.JTY OF THE tl ,[VEN GROlH-W, EVEN PROGRESSIVE F(-iULT 
CREF.P1 TRF.F. ROOTING ANTJ THE AGTI 1JIT CES OF BURP.OlH~G ANtiiALS
ARE FACTORS t!OT TOO SnALL TO F<E IGHOREJ) rn INCREASJ NG SL.OPE
INSTABILITY CVARNES1 1978), NEARLY EVERY ONF. OF THESE
COHTRIF<UITIHG FACTORS JS PRESENT TO SOli[ PEGREF. IN THE THESIS
AREf) OR ALONG THE i'IARG HIS, 
THE ARF.AS or liOST COHCF.RN ~ITHJN THE THESIS nREn WITH RESPECT
TO THF. SI.OPE STAB IL. In HAZARO MIJS T F.IE THE FAIJL. T SCARPS, IN
HAi'!Y H!STAHCESr flF.VEL.oi:·nqH IN THE M~ff.l HAS RESIJI.TEII H!
FAiHU DWl::L.LINGS BEING COHSTRUC:TE::D OR R NEAR THr:: FAIJL.T SCARP
CRESTS, F rnur::F. J 8, IL LIISTRATF.S TH[ TYP I (:(IL H!COiiPF.T MICY OF
THE FAH i'IATERIAI. AS f) GOOD BEAR.ING B/'\SE: FOR BUILDING 
COMSTRUCTlOHr F.SPF.CJ('ll.l.Y mlE"N THf 61Wllt!TJ IS Ut!EVEN, THE Fr'IN
HAS OF.IVtollSL .< BEEN FORMF.D BY THE OUTFLOW OF RF I.ATIVF.t. ·( STRONG
PUL.Sf:"S OF EROSJOi'IAL liATF.Rif-lL FIE I NG FI.USHF.fl OUT OF TH ~ CMIYDHS 
OR sr::rnG W/'\SHF.D THRE::r:TL "( FROM THE SL UPE~- oF THE ~ON RANGE
TO THE WF.ST AHD FROli THE STF.AHROAT HILLS TO THE fAST, n WALK
THRO IJ 6 H T HF. A RF: f) \•I I LL. F: F. 1J F. A 1_ TH Ii T HI A I_ L PI_ A 1: ES THE FAN I S 
COMf-'RIS ~It or- l..'FR"i POORLY sor-: ED MA F.:RI(:I.S F:Mit.HIG H/ GF:~r1r G • 
SIZES FROM SI LT TO BOIJ L. OF. S, F IGIJRE 18, ALSO ILLIISTRf.l TES 
THAT THF. SOIL HDl·:JZl.lr! HERF. Fnr,iiF.D JS VERY E'LEtin!H1r-:Yr NEM:LY 
{ 
LAC i\ ING1 IN THAT Vl.:BF.T:"\TIIJN llt-! At![I AROIJND THE ESCAF:PiiENT 





A^BDrHZ THG VYAOHCF QHAL■DHZ!







TYPICAL FAN OUTWASH MATERIAL. 
POORLY SORTED, LOOSELY c n.fPACTED DETRITUS WITH SC.!.!;-:-['
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TYPICAL FAN OUTWASH MATERIAL. 
POORLY SORTED, LOOSELY c n.fPACTED DETRITUS WITH SC.!.!;-:-['






DTVRRGIRQ OUGZR VLZ RV00G■TZRM DTSCrM SG AVT0ELD ZUMRrrEURI 
rTGG6f VTU LSr NTUTULr UtYUNr VEISLN rMU YTUUWRj LUVT rMU 
MSE4LrVELBGVL ELrUTGVYU VLZ CMUTU TUREZULrEV. .VLZRYVNELD MVR 
■UUL VYYSMN.ERMUZI rMU AUDUrV. TSSr MVRRUR VTU MELEMV.iI0 
YVNV■.U SG VEZELD RSE. TUrULrESL rS VL0 ZUDTUU ZOTELD 
NTS.SLDUZ NUTESZR SG TVEL ST G.SSZELD YSLZErESLRI EL GVYrj 
rMU AUDUrVrESL ZSUR LSr YSLrTE■OrU VL0 REDLEGEYVLr MUVROTU EG 
R.SNU RrV■E.E’ELD UGGUYrRI Er E■ ^OErU NSRRE■.U rMVr rMU 
.VYW SG YSMUREAULGIRR SG rMU RSE. VLZ RUZE,0ULrR SG rMU GVL 
YSO.Z ■G V YSLrTE■OrESL rS rMU NSRRE■E.Er0 SG .E^OUGVYrESL 
UGGUYrR DEAUL RUER9EY RMVWELD ZOTELD RVrOTVrUZ DTSOLZ 
YSLZErESLRI rMUTUGSTU, rMURU RYVTN VTUVR VTU S■AESOR VTUVR 
SG ELRrV■E.Er0 CErM TURNUYr rS ■SrM UVTrM RMVWELD VLZ 
UTSRESLI
m,
GOTrMUT VDDTVAVrESL SG RYVTN R.SNG ELRrV■E.Er0 ER TUMVTWV■EI0 
YS99SL CMUTU rMU RYVTN VR ■UUL VYrOV..0 YVTAUZ SOr VLZ rMU 
ZCU..ELD ■UELD ■OE.r UErMUT ELrS rMU RYVTN ST YVLrEiIUAGITUZ 
SOr SAUT rMU RYVTN 5GrSOTUR 0y:-!m,= VLZ 20 TURNUYr E AUEI07 I 
ZCU..ELDR MVAU ■GIULI YSLRrTOYrGZ Vr rMU GSSr SG 5;YVTNR EL
RUAUTV. ELRrVLYURy rMU0 VTU VR i!rV“!U rS ZV9VS0 ■0 R.SNU -
GVE.OTU VR VTU rMSRU ZOU..ELDR CMEYM MVAU ■UUL YSLRrTOYrUZ Vr 
rMU YTURrR 5GEDOTU JPy7y rMU RYVTNR VTU REDLEGEYVLr EL
AUTrEYV. ZERNiIVYGMGILr TVLDELD EL MUEDMr GTS9 .URR rMVL V
;
9UrUT 5K GUUr7 rS Vr .UVRr PIP 9UrUTR 5IK1 GUUr7 VR 9UVROTUZ ■0 
CV.WUT VLZ rTUt.UT 5IPy!!7I VZAVLrVDU MVR ■UUL rVWUL EL 9VL0 
ELRrVLYUR rS YSLRrTOYr WVEIERUT;R 5Py!-?7 MS9UR CErM |DTUVr





GR:"ISSF.S, \JEF.OS AND SAGEBRUSH GROI.JTH OF VAR"fING DENS1T IES,
TRF.Ef; (-1F:F. NOT f'RESF.t!T D:CF.f'T {-1LONG THE CREEl\5 r NEAR THE 
HOUHTAIH/FAH lHTERFACE AND WHERE RESlOEHTlAL LANDSCAPING -HAS
BEEN ACCO!iPLJSHED,
CAPABLE OF A[OING
THE V[GEH-11. ROOT !iASSES r-:RE !iHIJ ti AL l.Y
Hf--,SOIL RF.TENTION TIJ AH"f OE GREE DUR ING
PROLONGED f'F..RIODS OF RAIN (If: FLOOI'lH!G CONDJTlD~lS. :tN FACT,
THE VECH:HtTlOH OOF.S NOT COHTR1811TE AN"f SlGNIFlCAHT iiEASURE IF
SLOPE STABJLJZING EFFECTS. IT IS IHIITE POSSIBLE THAT THE
LACK OF COHl?.SIVENESS 1)F THE SOIL AHO SEDiiiF.NTS OF HIE FAN
COlll .D BE {l COHTRJ flllTlOH TO THE f'OSSUl:tU TY nr- I. ICHl[FA n O~!
EFFECTS GlVEH SElSiHC SHAKING OIJRING SflTIJRIHF.D GROUN[I
cmrnn 10t1s. THEREFCmF.r THESE srN,F' (-1r-:EAS M:E Ol:IVIOI.IS AREAS
OF HISTA81LlT"f WITH RESPECT lO BOTH E(1RTH SHAKH!G AND
EROSIC1t!, 
FURTHER ~GGF-:fWAT !OH OF SCARF' SLOPF. HlSH-tBH. ITY J 5 RE ARI\M<L Y 
COMiiOH WHERE THE SCARP f)S BEEN At: TUAI.LY CAPVE(1 OIJT AHtt THE
DWEI LJNG BF.H!G BUILT EllHER INTO THE sr.M:F· or~ r.l'HITJLF.:Vr-:RF.:D
OUT IJIJER Tl-IF. SCARP ( F nURF.:; 19 a' b 7 t: AND •) RESPJ::r. Tl 1)El. Y) • 
D\JF.LLJNGS HAI.I[ f<F.EN. r.ot1s nur.lF.T.1 (-1T THF. FOOl or- J CARF-S rn 
SEVF.R/\l. HISH1NCES, THf:: "f ARF. AS t:Tm'fuE TO OAr BY SLOPE ') 
FAil llRF. AS ARF. THOSE DWELL. JNGS WHICH HAVE BEFN COHSlRUCT~D ~T 
THE CRESTS CFJ.GIJRF 21,), THE SCARF'S ARE SIGHJ.FtCAHT IN 
VERTJCit.L nrsPL.ACFMEtn F;M!GH!G rn HEIGHT FRCHi LESS THAI'! f-l 
• 
HETER C3 FF.f:T) lO AT LFAST 11 METF.RS C36 FEET> AS HEASURF.D BY 
WALI\ER flHD TREXLER (1977), ADVAHTAG~ HAS RE~N TAKEN IN !iAHY 
I 
I NS TAN CFS TO C:IJNS rnur. T K Al.I SER' S C 19T5) IIOMES lJ 1TH 'r~REAT 
VIEWS" CFJGURFS 19~,~ r ~r J0 AND ?2), IN ~EFPJN G WITH THE 
102
...... .. 
FIGURES 19a. I.ND 19b. 
VIEW IS WF.ST WITH THE CARSON RANGE I~ :THE BACKGROUND. NEAR THE VERY 
CENTER OF THE GRABEN AS SEEN IN FIGUl 14a . HOMF.SITES ARE CARVED INTO 
THE SCARP CRESTS. : 
•J 
--J '" ------------------· t~ 




HFHE CAN BE GEEN THE rGCTKNT TO WHICH THE 
DEVE1.0PU1 WENT TO CREATE AN KITHETIC VIEIV 
OF THE ARYA BY CARVING OUT THE CRFilT OK THE 
FAULT SCARF. FJUmi SHAKING DUE TO AN F^ARTH^ 
QUAKE OR lA^EN .SC/vKP FACE FAILURE WILL ALWAYS 
roSE A THREA.T OF SERIOUS CONSEQUENCES TO THIS 
TYPE OF OCTEISlPIvLENT PLANNING.
!C H . 
ERE: /i. H .Sr'. EX. J<:N  H  li llt~ 
O t:LO .rn tff Hi:: F:  J-:[;T t: 1 ltJ
fff  G  C .5"' F
.HI' .AH 'l'H lllJ!-: . RT -
J-: H 1-:Vi': IJ r, AP.  H T :;
PO'.', F.  IU\10\ ~; !-~H L .~ .'.> ~  ::3 lll'.: 
i ' l-: m· Dt:Vf.I .O r"M l' i\ 1J 1 C . 
M &y6
TDPY■L 2&?
HZCV CLL TDPY■L MjX! AFDC CDAL DC rH■UL. DGAV ATt 
THYZA CrH■B r■LCA! BH■A VT AFL .OLZZDGP DC ry;4ADf 
ZLUlYL. VUL■ AFL Cr!H■B CZVBL!
TDPY■L 22!
HZCV CLL TDPY■LC Dj^! HG. 2R! 
HA AFL r■LCA &b CrH■B!
.OLZZDGP ZVrHAL.
FIGURE 0 , 
ALSO SEE FIGURE l~o. THIS SITE IS CARVED INTO T.-J:: 
FAULT SCARP GRES".:". PART OF THE DWELLING IS CANTI -
LEVERED OVER TEZ 3C,.'..RP SLOPE . 
FIGURE . 
ALSO SEE F'IGUPC:::,:; :.--'.::: . AND 6 . DWELLING LOC ATED 
AT THE CR F.ST O::' _:_ .S~_.',_H.P . 
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Figursr 2.1. 
v19-1 lo-ls b•co;no l,~~{1:~1,s no~ OAly -lo -/-AQ~:J"•/09s 6./ 
lo dc-ueH,~ al-/.Jt, -h,o-/ 0 ./ L-J,s. ,,/ ..6u.-l'_y ~/,,p .$r-p 
./"Ac.vs.~~" UAC0'7:,o6i/./.d .,,,1' .. 3.-..cf o/Y~V 8'0UA,; 
-,~us41#U.~ -r~,s cku,/op11~,,,,, could va :uls, P"•c~I~~ 
such 4 SCtUUI ec.>t~, S~$bl,c era-Ad 8~ a./:1Ag • 
fl.s/, ..f/ood,.ng Or 6gae~c,',GA cf_a .1"'0 ~r 




BVCCDNZL AFLV■^ VT CFHZZ .DCB3!HrLJLFA LULGAC V■ LULG THYZA 
r■LLB DG AFL TV■FHA4VF VT AFLCL CrH■BCl CZVBL HG. P■VYG. 
DGCAHNDZDA^ CADD Z ■LQHDGC H ! B■VNZLQ TV■ .YLD!ZDGPC! TDViii■L 
2t! DZZYCA■HALC AFL A4’BDrHZ BDT■ TVYG.HADVG rVGCA■YrADVG DG 
AFL H■LH? AFDC A^BL VT TVYG.HADVG DC CYN4LrA AV r■Hr-DGP V■ 
CHPPDGP ODAF CLAAZDGP VT AFL YFrVGCVZD.HAL.l YGCV■AL. THG 
QHAL■DHZ DG BVCAfrVGCA■YrADVG ■LH.4YCAQLGA HC OLZZ HC 
LH■AF-YH-DGP V■ OHAL■ CVH-DGP ■LZHAL. rVQBHrADVG!
HGVAFL■ H■LH VT CZVBL DGCAHNDZDA^ DC AFL CALLBfNHG-L. CA■LHQ 
NL.C! AFL L■VCDVG VT H THG rVQB3!LW CA■YrAY■L DC H ■LZHADULZ^ 
LHC^ AHC- DG AFL CLQD H■D. .LCL■A ■LPDVG? DG AFL AFLCDC 
H■LHl HG. B■DQH■DZ^ DG AFL OLCAL■G FHZT! AFL NHG-C VT AFL 
CA■LHQ NL.C H■L -YDAL CALLB! AFDC DC AFL ■LCYZA VT AFL 
.■HDGHPL OHAL■ ■LHrFDGP AFL AFLCDC H■LH ITHG rVQBZLWS DG H 
■LZHADULZ^ FDPF LGL■P^ CAHAL? AFL DGrVQBLAHGA CA■YrAY■L VT 
AFL THG DC LHCDZ^ L■V.L. ZLHUDGP .LLB! GH■■VO CA■LHQ 
rFHGGLZC? BL■DV.Dr FDPF TZVO ■HALC DG AFL rFHGGLZC L■V.L AFL
rFHGGLZ! TWBLrAL.Z!^! AFLCL H■LHC FHUL NLLG YCL. HC B■DQH■^
)
CDALC TV■ AFL ZVrHADVG VT ■LCD.LGADHZ rVGCA■YrADVG NLrHYCL VT
AFL LCAFLADr UHZYLC VT PVV. UDLOC HG. AFL N,KV-LG AL■■HDG 
^H■.C? TDPY■L 2j! DZZYCA■HALC AFL .OLZZDGP .LGCDA^ HZVGP 
AFLCL CATTB NHG-L. H■LHC! AFLCL NHG-C H■L HC D5GCAHNZT V■ 
FHUL NLLG QH.L HC YGCAHNZL HC AFL THYZA CrH■BC TY■ AFL 
■LHCVGC B■LUDVYCZ^ QLGADVGL.!
K
FINAl.LY. DEVrLOl'MFNTAI rONSTRUmOrl HAS ADDED TO THE 
INSTABILITY OF THE FAULT-TERRACED GRABEN AREA. ROADS CUT
105 
POSSIBLE TIH:fJRY fJF SnAL.L DT.8PL.ACEiiEHT E'JENTS OR E'JEN FAIJL T 
CREF.:P J N THF.: FOf-:iiAT J mt OF THF.:SE SCM-:PS r SLOF'f: MID GF:Olli'!D 
INST!'IB IL !TY ST IL.I. REiMHIS A . PROBLEM FOR DWl::LLINGS. F !G l~RE 
3. I L.L.LISl RATF.:S THF.: T ?' J CAL P JfR F OUN DAT 10H COtlSTF:llC1 JO~l Jr!
TH~ AREA. THIS TYPE OF FOUHDATIOH IS SUBJECT TO CRACKING OR 
SAGGING ~ITH SETTLING OF THE llNCONSOl. JDATEn, UHSORTED FAN
MATERIAi. IH POST-CONSTRUCT tOH RF.:AO ,JUSTr!ENT AS WELL AS 
EAF:THOI-IAUNG Of< WATER SOAUt!G REL(\Tf.:D COHPflCTIOt , 
ANOTHER AREA OF SLOPE IHSTABII. ITY IS THF. STEEP-BnNKED STREAM
BETIS, THE EROSION OF A FMl CDliPL.E>: STRUCTllr-:E IS f'-. RF.:U~TIVH Y 
EA S '( T !'IS K Hl THE 8 F.: M I ·· AR ID Of SERT RF.: G ION , IM THE TH F S I S
AREAr AND PRJliARILY JN THE WESTER~ HALF, THE I<AN~S OF THE
STREMI 8E[IS ARF QUI H STEEP, TH IS IS THE RF.SULT fJF THE
DRAINAGE WATF.:R REACHING THE THESIS AREA (FAN COHPlF.:X) IN A 
REL:"I lt 1JEVf H J.GH F.NERG Y ST ,HE , THF.: INCOrlPF. TANT S TRIJC: TURI:: OF
THE F Mi IS EAS IL. Y EROfl[D L.FA~' HW DF.:EF'r t!rtr-:ROW STF:EflM 
CHANNEI. .S, PERIODIC HIGH FL.OIJ R(1T ES IH THE CHMH-!F.L.S F.RODF. THE 
·cHAHNl:L, EXPECTEnl.Y, THESE AREAS HAVE BEEN us~n ns PRJHARY 
I 
SITES FOR THE 1.or:ATint-1 
THE ESTHETJC VALUES 
tlF RES IOn!T I ~ ·IS TRll :T ION J ECAIJSE OF 
OF Goon VIEIJS M!Tr THE I<~F.:N TERRAH! 
YARDS, F IGIJRE 4, ILUISTRtHES HIE DWELLING DO!S l TY 'ALONG
THESF STFFP BANKED ~REAS, 
HAVE BEEH MriDt=. AS I.JMS 18LE A ~:; THE FAIJL T SCARF'S FlJR TH E 
RE A SO I'! S F' R EV l O t ISL Y Ii nn I CH! E [I , 
I  H! L  , r O H  F; LI r. l l O rl S  T  E 




HZCV CLL TDPY■L Mj*! BDL■ TVYG.HADVG rVG«
CA■YrADVG DC CFVOG TV■ AFDC .U,LZZDGP ZVrHAL. ! 
GLH■ AFL rLGAL■ VT AFL P■HNLG! AFDC A^BL VT 
TVYG.HADVG DC LWA■DQLZ^ UYZGL■HNZL AV r■Hr-«
DGP HG. THDZY■L DG AFDC .LULZVNKKiGA H■LH! DT? 
DG THrA? CZVO r■LLB DC AFL .VQDGHGA CrH■B TV■Q«
DGP K,LrFHGDCQ? AFLG AFLCL BDL■ TVYG.HADVGC NLf 
rrQL B■DQL AH■PLAC TV■ r■Hr-DGP HG. THDZY■L 
OFDrF OVYZ. LULGAYHZZ^ OLH-LG AFL TVYG.HADVG 
■LCDCALGrL AV P■VYG. CFH-DGP CFVYZ. H CFH■B 
LH■AF-YH-L LULGA VrrY■!
,
FIGURE 3 . 
ALSO SEE FIGURE 14g. PIER FOUNDATION CON-
STRUCTION IS SHOWN FOR THIS DWELLING LOCATED _ = _-
NEAR THE CENTER OF THE GRABEN. THIS TYPE OF
FOUNDATION IS EXTREMELY VULNERABLE TO CRACK-
ING AND FAILURE IN THIS DEVELOPMENT AREA. IF,
IN FACT, SLOW CREEP IS THE OOMINANT SCARP FORM-
ING lAECHANISM, THEN THESE PIER FOUNDATIONS BE-
COME PRIME TARGETS FOR CRACKING AND FAILURE
WHICH WOULD EVENTUALLY WEAKEN THE FOUNDATION
RESISTENCE TO GROUND SHAKING SHOULD A SHARP







FIGURE 24 . 
VIEW IS TO W{E WEST UP THE JONES CREEK CliANNEL. FLASH FLOODING liAS 
OCCURRED I N THIS CliANNEL. HOME SITES !-!:AVE BECOME VERY POPULAR ALONG 
~'::IS CliANNEL BUT WITH LITTLE REGARD FCR THE POTENTIAL 1-lAZARDS . 




AF■VYPF AFL CrHB!Br 4K0 ifBK0■B!ZZLZ AFL TVVA H■LH VT AFL CrH■T N 4 F 
QHG^ rHCLC ITDPY■L 26,),
QH4V■ 3!HG.C3!iJiGPl HZAFVYPF GV CVY■rL H■LH ODAFDG AFL AFLCDC
!! ,f
H■LH NdhSOSF DC H rVGCD.L■HNZL BVALGADHZ FH‘H■.? AFL CDL■■H 
GLUH.H T■VGAHZ THYZA A■LG.C GV■AFfCVYAF HZVGP AFL LHCAL■G 
THrL VT AFL rH■CVG ■HGPL! FVCA ZD-LZ^k DAC; rVGrLHZL. A■HrL 
DC CVQLOFL■L NLAOLLG AFL OLCAL■G L.PL VT AFT CALHQNVHA FDZZC 
HG. AFL LHCAL■G L.PL VT A!FL rH■CVG ■HGPL YG.L■ AFL THG 
rVQBZLW VT AFL AFLCDC H■LH! DA CTLQC BZHYCDNZL AV AFLV■D‘L 
AFHA HG^ QH4V■ ZHG.CZD.DGP LULGA V■DPDGHADGP DG AFL rH■CVG 
■HGPL HG. LGr■VHrFDGP DGAV AFL AFLCDC H■LH OVYZ. B■VNHNZ^ BL 
A■DPPL■L. N^ H QH4V■ LULGA VG AFL CDL■■H GLUH.H T■VGAHZ 
THYZA! ■LrHZZ AFHA AFDC THYZA DG AFL CTPGLGA NLAOLLG NDCFVB’ 
rHZDTV■GDH AV AFL CVYAF HGC CYCHGUDZD!Lk rHZDTV■GDH AV AFL 
GV■AF FHC NLLG TVYG. AV FHUL AFL rHBHND3!-^ VT PLGL■HADGP H 
CLDCQDr LULGA VT Q l! 9!1 PL 9!e I■^HZZ HG. UHG OV■-L■ MEe&S! 
HCCLCCQLGA VK AFL AVBVP■HBFDr QHB OVYZ. DG.DrHAL. AFHA AFL 
QVCA ZD-LZ^ CVY■rL H■LH VT QH4V■ ZHG.CZD.DGP VT AFL rH■CVG 
■HGPL OFDrF rVYZ. LTTLrA AFL AFLCDC H■LH OVYZ. V■DPDGHAL VG 
AFT! CALLB CZVBL NLAOLLG N■VOGC r■LT-#HG.s VHZLGH CP^ZEK DG AFL 
CVYAFL■G BV■ADVG VT AFL H■LH! TV■ AFL GV■AFL■G BV■ADVG VT 
AFL H■LHk AFL QVCA ZD-LZ^ ZHG.CZD.L CVY■rL H■LH OVYZ. NL AFL
CALLB SRL47 L. P*7 )50nLID 05BJ7 BL0P*r7nP L.U P*7 *L’*P 0Ln7
FDPFOH^ AV HBB■VWDQHALZ^ VGL -Q IGLH■Z^ t,j QDZLS GV■AF VT 
AFVQHC r■LT-! QHB 1! IYCPCK ME,t HG. ME9jS CFVOC AFL BL■rLGA
I
VT CZVBL DG NVAF VT AFLCL H■LHC AV DGr■LHCL HN■YBAZ^ T■VQ 
HBB■VWDQHALZ^ M1W AV P■LHAL■ AFHG 5(>X, HZAFVYPF -■^GDGL HG.
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THROUGH THE SCflRP::'. I(.: ;,pM~l'\LLEL THE FOOT M,EA QF THE SCM~PS J ~! 
MANY cnSES (FIGURE .)  
HAJOI~
AREf) 
l.MlJ)SL.JllJNGr Al.THOIIGH NO SOURCE {:f<F.:(-1 ~IITHIN HIE THESIS 
F. :-<I TS1 IS f\ CO ~ RMH.E POTEHTIAL Hf\ZARO, THE SIERRA
NEVADA FROHT{)I. FAULT TREtHtS NOr-:TH-·SOllTH (\!_Ot-lG THE EASTEF:~!
FACE OF THE CARSON Rf\NGE, nOST LIKEl."f, ITS' CONCEALEt• TRACE
IS f,OtiEWHERE BEnJEEN THE WESTERN EDGE OF THr STF.Ali'BOAT HILLS
ANO THE EnSTERH EDGE OF THE CARSON RANGE UNDER THE FAN
cm;nn: OF THE THESIS AREf\. ll SfDiS PLIHISHILE TO THEDl::IZE
THtH ANY MAJOR LAHDSLIDING EVENT ORIGH!ATH!G rn THE CARSON
RAH GE f.:NTI F.NCROACH H!G INTO TH[ THF. S lS AREA ~JOlJUI PROBABLY f<E
TR HiGEREtl B.f A MAJOR E 1JENT OM THI:: SIERRA NEVAOA FRONTAL
FAUi. T, RECALL . THAT THIS FMIL T IN THE SEGl'iENT BEHiEF.:N BISHOF',
CAL IF ORN If) TO THE SOUTH AMS SllSANV I LI.E, CALI FORN U'i Tl) TH E
NORTH HAS BEEN FOUND TO HAVE THE CAPABll.JlY 01~ GENERATING A 
SE I S i1t C EVE H T OF i'I :-: 7 , '.:i T fJ 7 , 8 (R 'f AL. L AM D VAN IJ IJ R i'I ER 1 9 R •) ) ,
ASSESSiiF:NT Of" THE Tllf'OGP-Af'HJ C ti/'.!f' ~JOUL J) JNJ)ICl'\TF.:fl THAT THE 
HOST LI KEL "f SOURCE AREA OF i'lf\JOR LAHDS L 1(1 ING OF rnE CARSON 
( 
RA~!GF WHICH f:OLIL fJ fF-FFCT THE THE SI 5 tREA WDllLTJ OIU) H!ATE ON
THE STEEP SLOPF. BF.TWF.:fH BROIJi'!S CRF F K ANt1°' GAL.n!;1 ~  IH THE 
SOUTHERN f'(l~T]ON or THF AREA , FOR THE NORTHERN PO~TJOH OF 
THI: ARFf) 1 THE MOST U r: i=: 1.Y LANDSI.If.lE SOUF:C:I:: ARFr1 \J OIJL t, BF. T HE 
STEFP ~ L(lF'F. or THE CAr-:SOi-! RM! GI-_ NORTHWEST or' T HE liDl.liH RO SE 
H IG H IJ f)°( TO APP RO :n i'I f\ TEL. '( 0 NE Kn OI EARLY 3 / 4 i1 I L F.> NOR TH OF 
THOMAS rREn:. hAf' 5, (llSGSs 19/3 (:NTJ 197'1) SHOWS THF. F·F.RC F. r! T 
{ 
OF SI .OPF.: H-l BOTH OF TH F.: SF.: ARE f-°,S TO INCREA SE (18RIJF'T U FR OM 




4Y.. IME19S J_ GVA .LTDGL HG^ CBLrDTDr BL■rLGA VT CZVBL HC 
speGcNkE;S rIP* kVSdNsO PL nRL47 THD3!Y■T ANLrHYCL rVFLCDULGLCC 
VT H QHAL■DHZ .LBLG.C VG AFL FHAL■DHZ3K AFL^ CAHAL AOHA 
CZVBLC AV t& AV ’M& .LP■LLC HUL DGAL■GHZ T■DrADVG THrAV■C 
OFDrF H■L P■LHA? LH■AF CFH-DGP rHG AFYC r■LHAL CDPGDTDrHGA 
T■DrADVGHZ ■L.YrADVG HG. 3!HG.C3!D.DGP ODZZ ■LCYZA! ZHG.CZD.LC 
H■L rVQQVG .Y■DGP LH■AF-YH-LC? AFL CHG T■HGrDCrV LH■AF-YH-L 
VT ME&H A■DPPL■L. ZHG.CZD.LC VUL■ HG H■LH VT ppPpcE C■! -Q 
IMt9&&& CV! QDZLCS! QHB H! IAHNV■ HG. LZZLG? ME9eS .VLC GVA 
.LBDrA AFLCL H■LHC HC NLDGP BH■ADrYZH■Z^ .HGPL■VYC HC CVY■rL 
H■LHC TV■ ZHGCVZ0.LC? NYA AFL ALWA HG. ZLPLG. HrrVQBHGDGP AFL 
FHB .LCr■DNL AFL BVALGADHZ .LN■DC TZVO HC H ■LrVGrDZHN3!L 
FH‘H■. OFDrF rVY3!. LWALG. OLZZ .VOG CZVBL rDGAV AFL AFLCDC 
H■LHt!
AFL QH4V■ H■LHC VT rVGrL■G? AFLG? DG AFL AFLCDC H■LH OFDrF 
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2, THf. 
BOU rm Ar-: y 
F.:"lSTF.Rl-1 -·nOST TRANS IT ION OF GAL.l=:t-1:"l CRffi<) AtONG
WITH THE WESTERN Sff/'\liBOAT --irrr:'b; . / 
THE 
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I 
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AFL FVYFA ■VCL FDBFOH^ HG. GV■AF &Mf PHZLGH P■LL-!
9! AFHA BV■ADVG VT AFL H■LH NLAOLLG PHZLGH r■LL- HG. N■VOGC 
r■LL- GLH■LCA AV AFL rH■CVG ■HGPL!
e! AFHA BV■ADVG VT Ay AFLCDC H■LH GV■AF VT AFL FVYGA ■VCL 
FDPFOH^ AV HBB■VWDFyLZ^ VGL -F It,j QDZLS GV■AF VT AFL 
AFVFHC r■LL- rFHGGLZ!
TZHCFTZVVJ FH‘H■. f ■DC- LUHZYHADVG
■HO .HAH TV■ AFL LUHY4HADVG VT AFL BHCA FDCAV■^ VT TZHCF 
TZVV.C HG. ■HDG TZVV.C ODAFDG AFL CAY.^ H■LH FHUL B■VULG AV 
NL UL■^ CrHGA^ HA NLCA! GLOCBHBL■ H■ADrZLCl AFL GLUH.H 
FDCAV■DrHD! CVrDLA^ HG. CYFYTC N^ AFL H■Q^ rV■BC VA LGPDGLL■C 
FHUL H..■LCCL. AFLD■ DGAL■LCAC AV AFL H■LHC VT LWDCADGP 
FHNDAHADVG OFDrF OVY3!. NL FVCA LG.HGPL■L. N^ CYrF LULGAC! 
AFL ZHCA rJ■!;m;C VT LGPDGLL■C CAY.^k .HAL. ME9j K CBLrDTDrHZZ^ 
DGrZY.L. HZZ VT AFL .■HDGHPL rFHGGLZC OFDrF A■HGCDADVG AFL
AFLCDC H■LHS ANYA AFL NVYG.H■DLC VT AFL CAY.DLC7S FL AFLCL 
rFHGGLZC CAH■A .VOGfTHG IDQQL.DHALZ^ TH!US VT AFDyyLCDC H■LH 
HG. LWALG. AV AFL UHY!L^ TZVV■ ICALHQNVHA r■LL-S OFL■L AFL 
rYQYZHADUL LTTLrA VT HG^ TZVV.DGP OVY3!. FHUL AFL P■T!HATCA 
LTTLrA?; YGTV■AYGHALZ^? 4FL H■LHC OFL■L AFLCL THCA TZVV.C 
CAH■AL.? HG. OFL■L ■LZHADULZ^ YGGVADrL. .HQHPL FHC VrrY■■L.? 
FHUL GVA NLLG CAY.DL. DG .LBAF! DA ODyZ NL rZLH■Z^ 
DZZYCA■HAL. FL■LDG AFHA AFL .LULZVBQLGA AFHA FHC VrrY■■L. DG 
AFL AFLCDC H■LH DC CYN4LrA AV H FDPF BVALGADHZ ■DC- VT ZDTL
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HIG11l;fAY TO flPPROY.I!iATEL Y Orff l\~i < 3/lt ti H .F.> Nor~TH QF THE
THOMAS CREEK CHAHNEL. 
FLASHFLOOn HA?/'\Ril - Rrs~; FW-: LLIAT JON 
RAI,! OAT/\ FOR THE F. 1JrH.IJt'1 ftnH OF THE PAST HISTOR "f OF FU1SH
FLOOJ.18 M!TJ RAH! FL.OOflS IJlTHJN THE 51 l.lDY M:F.r'\ HAVE f'RQt,.'Ei'! TO
BE VERY SCANTY AT BEST, NEWSPAPER AR Tl .u.-:s, Tlf E l·ff 1J(1D A 
HISTORICAi. SOCIETY nHn SlllDJFS RY THE ARMY CORPS OF FNGINEERS
HA'JE MJDRtSSFTJ THEIR INTERES fS TO THE AREAS OF DIST ING
HAI! 11 ~T IOt! WH Ir.H \JOLIU• BE hOST F.NDM!GF.RF.D BY SIJCH n 1r-:NT S,
THE U'l S T C n RP S OF E NG IN E F. RS S T IJ (t "( , TJ f.l TED 1 9 7 ti , SP 1-: : 1 P CAL L Y 
INCLLID[[I ~L.L. or THF. TJR(1HU1GF.. CHANNELS WHICH TRM!SITHJH THE 
THE S I S ARE F) 1 
CHMli-!EL S STM-.:T
BUT Tl-It. BOLJN(1AR 1 ES OF THE STIJl) U:S) flF THESE 
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EFFF.r:T I UNF ORTIJNri TF.:l. "(, .THE ARF.:fl S WHERE THESE F' :iS T FLOO [IS 
S TAr:TF.D, M!TI IJHF.RE REL AT J VEL Y llrll·!OTJ f:E [I flAM~GF. HAS DCCLIF:F:E fl, 
HAVE NOT BEEM STll(tlED IH [IF.:F'TH I IT W I L BE ,: L. F. ( 1 R L '(
I LUISTF:AT F.T.t HERE H! THAT THF.: ft[ V[ LOPMD!T THAT HAS O r. .t 1r-:F: ED H! 
THE THF:SI S ARF.f) rs SlJB.JFCT TO A H!f,H "POTENTIAL RtSi\ OF 1.I FE 
' I 
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RYE YE■UG■REIO ■IE■ ML RYE RICYAR■ICEO RM ORE■YZM■R DIEEN CZ 
UIS RM OAZF■ICUB RYEP■^EI■yE ■DDAYA!T■RCM. ML HIEDCHCR■RCM. 
C. RYCO ■IE■ CZ ■ZDQ0R r?l DE.RCYEREIO KV? C.DYEOW HEI SE■IB 
HICJ■IC9S CY RYE LMIJ ML O.MGB GCRY ■ JMUEI■RE O.MJH■DN 
E1HEDREU LMI ■Y ■^EI■yE GC.REIT RYE MARY■OY L■.OB GYCDY Y■^E 
ZEE. LMIJEU ZS RYEOE ORIE■JO ■.U RYECI ■.DEORI■9 UI■C.■yEB 
■IE DY■I■DREICtEU ZS UEHMOCRO ML 9■IyE ZMA9UEIO ■.U IMDNO M. 
RYE YCyYEI O9MHEO ■.U RYE LC.EI OEUCJE.RO .E■IEI RYE ^■99ES 
L9MMIT
RYE LC MMH HMRE.RC■9 ORAUS ZS RYE DMIHO MH E.yC.EEIO C. rXfV 
OR■REO RC;■R I■C. L9MMUO GC99 JMOR 9CNE9S MDDAI ZERGEE. 
MDRMZEI ■.U J■IDY GYE. RYE yIMA.U CO .MIJ■99S LIMtE. ■.U 
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t
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OYMIR UAI■RCM.B YCyY ^E9MDC!CHO ■.U OY■99 ^M9AJEOT I■C. 
L9MMUO ■IE RYE JMIE OE^EIET
¥
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AND f'RCIPF.: TY. 
TH H ADWAT RS AR A OF TH TRI~UTARI S TO ST AMBOAT CR k JS
DRY T0 SUB-·ARrn, TH  A1J RAG ACCUMlJL1HION OF PR C [PJTrHION
IN THIS AR A IS ABO IT 103 C NTIM T RS (~0 INCH S> P R Y AR,
PRIMARILY IH TH FORM (IF SNOW, WITH A MnO RAT SNOWPACK
XP CT D FOR AH ~V RAG WINT R. TH OtJTWASH FANSr WHICH HAV
B N FORii O B.f TH ~i STR AMS f.lND TH  CR ANC STRAi_ ORIH~AGE,
f.lR CHAF:~CT RJ Z TJ FIY D POSITS OF u~RG BOLILflFRS Mm ROCI\S CH!
TH HIGH R SLOP S AND TU FIN R S Oiii NTS N AR R TH VALL Y
Floor-:. 
TH Fl oon F·OTF.NTI AL STllflY BY TH c:rmn; OF NG UffFRS IN l 9 i' 4
STf.lTF.S Tl-l'flT RAIN FLOODS \JILL MOST LIK L 'f OCCUR B TW N
OCTOBFR f.:Nfl tiAF:CH WHD~ TH Gf:OUt!T.I JS i'WF:liAL.L.Y FROID! r'': Nli
RUNOFF WOIJL.D B:=.: tNCRl::tiS (I B CAUS OF TH R DUC D fllHLI T'f OF
THF SO IL TO SOM: LIP THF F·R C IF' lT(~T 10i'H OH f.lFT R PROUi HGl:D
R A HI W H t CH S tH IJ R () T  S TH GR O IJ t·ID ; 0 R W lT H A W ARM R A I N ON T H
· SNOWP~C:K CALISH!G F'RF.MATIIRF. M L.TING MlD F.>:C SSJVI: Rlli'WFF. 
FL()SH FLOODS ( CU)IJfJ F.ltJRS T) IJ I I.I. or:ctJR IN LAT  -FALL s BUT l•IIL.L MOST LH:F.l.Y 1tr.r.1m IN .JULY SF'R ING ) AND ARLY ANf~ fWST. TH  
FLASH FLOIJDS Hf.lV F.lEOI CHARACT R lZF:O B'f Ht GH P AK F·LOIJS,
SHOF:T Tlllf:ATHHlr HIGH V[LOCil H-S MIT.I SriALL VOLi.iii[ ~ . Rf'.IH! 
FLnao i AR TH MOR S V R~. 
ACH STR ~l'i C:HM!~ffL HAS DISTF:IlitJT!iP.Y CHM'~! L.S THAT lJOUU1
APP AR TO POS I'.\ S V RF FLOOD THF:EAT, BIJT AR BLOC K D N A R 




OJ■!T!B :y D■IIS ■.S ZAR YR.MI L9MMU L9MGO ■.U LM99MG DM.LAOC.y 
DMAIOEO UMG. RYE MARG■OY L■.O KDMIHO ML LT.yC.LLIO: rXfVWB 
E1RE.OC^E DY■..E9 Y■C.RE.■.DE CO yE.EI■99S IE;ACIEU RM ILT:<M!^E 
H9AyO ■LREI YE■^S I!!P5MLL RM NEEH DY■..E9O LIMY DY■.yC.y 
DMAIOET RYE ZIAOY ■.U H9AyO .MIJ■99S GMA9U ■9OM RE.U RM 
C.DIE■OE RYE L9MMU YECyYRT yE.EI■9!TS; RYE I■C. L9MMUO GC99 
MDDAI LAIRYEI UMG. RYE O9MHE GYEIE ■ yIE■REI HMM9C.y ML RYE 
IA.MLL ■DDAJA9■REO GCRY ■ O9MGEI L9MG I■RE, RYEIELMIE: RYE 
yIE■REOR RYIE■R RM RYCO ORAUS ■IE■ CO RYE L9■OY L9MMUT RYES 
DIE■RE E1RIEJE9S YCyY HMRE.RC■9 Y■t■IUO ■.U HMOOEOO RYE 
yIE■REOR OYMIR REIJ UEORIADRC^E LMIDET RYE .E^■U■ OR■RE 
5MAI.■9^ 5A.E r,^ rXrf^ HIC.REU ■. ESE GYCR.EOO ■DDMA.R ML ■ 
L9■OY L9MMU ■R M■9E.■ DIEEN-
^TTTTCR D■JE C. ■ G■99^ ■R 9E■OW OC1 LLEPF YCyYB 
D■IISC.y RIEEOB ZIAOYB D■RR9EB ■.U YMIOEO GCRY CRkT
RYMJ■O DIEENB MY ■AyAOR r?Br2f2B E1HEICE.DEU ■ L9■OY L9MMU 
GYEIE RYE DY■..E9 yMAyEU CROE!TL UMG. r? ZEUIMDN C. OE^EI■9 
H■9DEOB ■.U G■O UEODICYEU C. RYE 9MD■9 H■HEI ■O P kJM.OREI
DMA!TUZAIORkT ■.UB M. 5A9 S OMB rX?4B ■ DCTMAUZj5IOR D■AOEU ■ 
L9■OY L9MMU M. y■9E.■ DIEEN GYEIE ■ G■99 ML G■REI rT? RM 4T4 
JEREIO K- RM f LEERW YCyY UEYM9ROYLU ■ YMJE ■.U D■IICEU M.E 
D■I 56MG.ORIE■JB JRT IMO; IM■U G■O G■OYEU MAR C. J■.S H9■DEO 
■9M.y ■. T2 NJ Ky.EFY■9L JC9EW ORIERDY ML RYE YCyYG■SB ■.U 




SHALL TO CARR "( At-lY Bl.IT HT.NOR FL.000 FLOWS Ml[I FfJLLOl~ CONFUSING
COUF:SF.S TIOl,li'·1 THF. OLIH/ASH Ff:NS u:or-:PS OF ENG JNF.ERS, 197,l), 
XT NSIV CHAHNF.l HAINT NAN(: IS G N RALLY R QUIR D TfJ Rr~ru vE
PLUGS AFT R H AVY RUIOFF TO I\ P CHANN LS FROM C~ANGING
COURSF., TH BRUSH AHi) PLUGS NORiiALLY WOULD ALSO T NO TO
INCR ~S TH FLOOD H IGHT, GENERALLY, TH RAH! Fl.OOI1S WILL
OCCUR FIJRTHF.R OOWH TH SLOP WH R A GR !HF.R PIJOLING OF TH
RUHOFF f-1CCI tiUl.ATF.S WITH A SLOW R FLOW RATE; TH R FORE, TH
GR f'IT ST THR AT TO THIS STllO "f ARF.f.l IS TH FLASH FLOl)t1, TH Y
CR (-1Tf D:H:F.ti L Y HIGH POT NTJ f.\L HAZARDS ~NT.I F·OSSF.SS TH
GRF.IHF.ST SHORT TF.Rii D STRUCTIV  FORCE, TH  NF.VAT.I~ STAT  
JOllf.NAL, .llH! l ?. , 1917, PRH!TETI (:NF.Y WHITNF.SS i'\C:COIHJT OF f':
FLASH FLOOD !1T GAL N[' CR K; 
• . . . . n r. {.)M rn (.i ~J A I. L J (\ T L  (\ s ., s n FE F.:,l H JG H '
CARRYING TR S, BRIJSH, r, ~H TL , AH (1 HORSF.S lJ 1TH XT • , 
T H (l H h S C: R  f I\ , (l t-1 f.\ U G 11 S T l 5 , :t B 7 B , F. >:F· F. R Jr. N Cf T.I (\ F U1 SH F L [t O D 
· WH R THF. CHAI-INF.I _ GOIJG O l TSEL.F DOiJH ff) B DROCK IH SF.1.JF:RAL
PALCES, M!II 
COIJL.DBIJRST', 
WAS DF.SCRIN D JH THF. 1. 0C(\L
A N O , 0 N -I lJ L. 'f 3 0 , 1 9 5 2 , A
PAPF.R (iS b • ~im!STH: 
CLOIJDBY4T CAIJSE:[1 A 
FLASH Fl.000 m! GALHIA CRF.D~ WH F:F.: A ~IALL QF WAT R 1 , ::; HJ ? , 2
M T RS (5 ro 7 F F:T) HIGH DF.:HOLtSHF.(I A HOM AND CARRI D ON
CAR T•D W~lS TRF.:Ati, til , ROS[ ROATJ ~IAS WASH D Ol.lT :rn ~iANY F'L(\[.f. S
ALONG AN ,8 Kr! CfJNF.-HAL.F rl!l.t.) STROCH OF TH HlGHWA "(, AN[t




L9■OY L9MMUC.y CO ■ DMJYM.H9■DN E^E.R C. RYE OEYCF■IUW RM 
UEOEIR IEyCM. ML .E^■U■B RYE OH■IOE HMHA9■RCM. ML RYE ■IE■ 
HIED9AUEO RYE ■DDAI■RE ■.U RCJE9S IEHMIRC.y MH RYE J■.S L9■OY
L9MMUC.y E^E.RO RY■R MDDAI E■DY SE■IT M.9S RYMOE E^E.RO
P ‘F
GYCDY UCIEDR9S ■LLEDR HMHA9■REU ■IE■O ■IE IEHMIREU ■.U MI 
ORAUCEUT .E^EIRYE9EOO) RYE IE;ACIEJE.RO ML .■RAIE C. 
yE.EI■RC.y ■ L9■OY L9MMU D■. MDDAI ■R ■.S H9■DE ■.U ■R 5AOR 
■ZMAR ■.S RCJE ML RYE SE■IT RYE ■IE■ 5AOR E■OR ML RYE OCEII■ 
.E^■U■ JMA.R■C.O Y■O RYE HMRE.RC■9 LMI E1EICE.DC.y RYE O9MGF 
ZAC9UC.y E■I9S GC.REI MI OHIC.y L9MMUO ■OOMDC■REU GCRY 
HIM9M.yEU I■C. ORMIJO ■.U JE9RC.y O.MGH■DNO) ■.U RYE OYMIR 
REIJ OAJJEI RYA.UEIORMIJ yE.EI■REU L9■OY L9MMUOT 9MD■9CtEU 
OE^EIE RYA.UEIORMIJ I■C.O YCyY C. RYE JMA.R■C.O D■. Y■^E 
UE^■OR■RC.y IEOA9RO L■I UMG. RYE JMA.R■C. ■.U C.RM RYE 
IE9■RC^E9S L9■R RLII■.E ML RYE RI■.OCRCM. ■IE■ ZERGEE. RYE 
OCEII■O ■.U RYE UEOEIRT
C. rX-?) IEDMIU ZIE■NC.y L9MMUO C. RYE G■9NEI) RYE D■IOM. ■.U 
RYE RIC5DNEE IC^EI Z■OC.O MDDAIIEU C. .M^EJZEI ■.U UEDEJZEIT
RYE L9MMUO GEIE RYE IEAO9R ML ■ OE;AE.DE ML^6W ZC?IJ-)
A.OE■OM.■Z9S G■IJ REJHEI■RAIEO f ■.U POT INOCA‘;!.y I■HCU
JE9RC.y ML RYLT E■I9S GC.REI O.MG ■DDA5A9■Rr?.-T s RYE
IEOA9RC.y L9MMUO GLIE RYE yIE■REOR C. JMIE RY■. -? SE■IO ML 
HIE^CU!CO IEDMIU KGE99O: rXP-VWT RYE LMAI U■S ORMIJ ML 5■.A■IS 
4X RM LEZIA■IS rf rX■l EOR■Z9COYEU .EG J■1CJAJ ■JMA.RO ML
HIEDCHCR■RCM. LMI 4V : V2f f4B ■.U 96> YMAI HEICMUO C. .LT^■U■T
‘
RYE ORMIJ JM^EU ■DIMOO RYE OCEII■ .E^■U■ JMA.R■C.O LIMJ RYE 




FLASH FL.CIOil ING J s A CCIMli(lrlf-'L~CE F.: V NT rn TH[ S N I -M: JJ) TO
D S RT R GION OF NF.VA!h), TH SPARS POPIJLAT ION OF Tl-IF.: AR A
PRF.CLUit[S TH ACCURAT M!TJ TIM LY RF.Porarnr, or- THF liM!Y FL'ASH 
FLIJtJOtNG V NT~, THAT OCCUR ACH Y AR. 01'-!L. 'f HIOSF. F: 1J NTS 
WHICH ItJF<F.:CTL.Y AFF C- PClPIIL.f\TF.D flP.F.(-18 AR R POlnF.D M!T.I (IF:
STUOIF.D. N V RTH L SS, TH R QIJtR HEIHS OF N/'\TURF. IN
G N RATH!G h FL.ASH Fl.OOil CAH ocrur. I\T ANY F'L.(iCf. (-iND AT JUST
hBOlJT ANY T HiF. OF TH HAR. TH M:F.A ~IUST AST OF TH SIERRA
N VI\Df) HOIJHTfl HIS Hf)S THF. PIJT NTI AL FOR X R I NC 1 NG THF. SLOIJ-
BU J LD H!G F.Af-:LY ~IH!TF.F; OP. SPRING FLCIOflS ASSOCH:TF.:TJ lJilH
PROLONGFO RrH N STORMS AND n I. TING SNIJWPACKS, ANO T:-l SHORT
T F:ii SUMli[R THUr!D[RSTOF:M G N RAT D FLASH FI.OOHS• LOC:ALJ ZF.[1
S V R HIIJNOF.RSTORn R:-'ltNS HIGH IH TH HOUIHAH1S CAN HA'J
lJ VASTf\TING RF.SUL TS FM: flClWH TH liOllHTAJN M!D H!TO TH
R L/'\Tt 1JF.L'f FL.!\T TF.RRANt. OF THF. TRANSITION AR i'\ B TIJffl-l TH
SIERRns AND TH fl S RT. 
IN lS'~(J, RF.CClr-:D BF:Er:UNG FLOOTIS rn TH 1,/AU:F.:R, TH CM:SOr! M![I
TH TRU~KEF.: RIV R BASINS OCCURRED IN NOVEHBt.R AND CEMBER, 
TH  FL.GODS 
UN SF./'\ SON(1 Bl_ 'f 





OF (i S QU[NCf. OF) s·1 [1f,iiS, 
ANT:ITHE Rt-:Sl~ NG RAP![I 
THF. F.f\RLY IJH!TF.R Sr!OW ArClJiiUl..f\TJDr!S • . TH  
R StJL TI NG FIJlll (IS IJF.Rf. TH : GR :HF.':i T IN MOF: THAN '5•j '( ARS OF
F'RniJ Cll fS RF.Cflf:T.t ( 1,JF.LLS r 19.54), TH FOllR flAY S'f f.t r-:M ftF .JAt!UAF: Y 
29 TO FF.:BRUAR 'f 1 7 196.3 F:ST!'IBUSH D N W MA :nMUM AnOIJNTS OF 
F·RECIPJT~TJCIH FflF: 2~ r 48, 72r ANn ~ HOUR F'F.RIODS IN ~EVADA, 
I 
TH s TOR ii MIJVHI ACROSS rnF. s IF.R F:n N VA DA MOUNT A li'!S FROM TH
PACH"Jr: nn·M1 {\rl[I L FT f'. RF.CDr:fl F.<f:F.AU r!G 18.J f:ri ( 7 ,J3 
' I 
rrf
CYDYLjW y: HIEDCHCR■RCM. ■R RYE YRT IMEE YCyYG■S y■yC.y 
OR■RCM. GCRYC. ■ 4VFYMAI HEICMUT C. RYE LM99MGC.y 4V YMAIO 
■.MRYEI r?Br DY KlTX- C.DYEOW LE99 RMR■9C.y 4ZT4 DY KjWT T?0 
C.DYEOWT RYE LMAI U■S RMR■9 ■R RYCO OR■RCM. G■O lVT- DY 
KrlT-2 C.DYEOW EPNIALt ■.U Y■IICOP rX0■WT ■y■C. M. YEDLTYZEI 
4lIU ■.U 4VRY L9MMUO MDDAIIEU M. y■9E.■, GYCREO ■.U ORE■YZM■R 
DIEENOT y■9E.■ DIEEN Y■O y■yEU ■R X DAZCD JEREIO Klr- DAZCD 
LEERW HEI OEDM.U HE■N L9MG I■RET ORE■YZM■R DIEEN G■O 
YE■OAIEU ■R rl DAZCD YLREIO KV■r DAZCD LEERW HEI OEDM.U HE■N 
L9MG I■RE KG■..■.EY, ER ■9T, rXfrWT RYE HE■N L9MGO LMI 
y■9E.■ DIEEN ■.U GYCREO DIEEN LMI RYE HEICMU rX■4 F rX■X 
OYMGEU RYE HE■N L9MG JM.RYO ■O K^■. UEIZEIyT ER ■9T- rXflW:
PEAK Fl.OU-HONTHS/FLOW-RATES
y■9E.■ DIEEN T T T  Y■S F r2 DAZCD LEER HEI OEDT
TTTT 5A.E F 4l DAZCD LEER HEI OEDT
T T T 5A9S F rf DAZCD LEER HEI OEDT
GYCREO DIEEN TTT ■HIC9 F f DAZCD LEER HEI OEDT
T T T  J■S F r? DAZCD LEER HEI OEDT
T T T T !A.E F rl DAZCD LEER HEI OEDT
T T T T C9!!TS F f DAZCD LEER HEI OEDT
)\
HIMZ■Z9S RYE Y■C. IE■OM. LMI OH■IOE U■R■ ZEC.y ■A0■CCT■Z9E LMI
RYE LC^E UI■C.■yE DY■..E9O RY■R RI■.OCRCM. RYE‘RYEOCO ■IE■ CO7 
RY■R RYEIE CO M.9S M.E y■yC.y OR■RCM. GCRYC. RYE ■IE■, RY■R 
ZEC.y ■ZMAR M.E NC9MJEREI Kl‘VRYO ML6 ■ YC9EW LIMJ RYE GEOREI. 
ZMA.U■IS ML RYE ■IL■^M. y■9E.■ DIEENB RYEIE ■IE .M D■yC.y 
OR■RCM.O ■R ■99 M. ZIMG.O, 5M.EO MI RYMY■O DIEENOT RYEIE CO 
■ y■yC.y OR■RCM. 5AOR L■OR ML RYE T.*7T)AN ZMA.U■IS ML RYE 
RYEOCO ■IE■ M. GYCREO DIEENT
11 7 
H!C:HFS) or F·RECH-·ITATIO~! (~T 1HF. liT, ROS[ HiGHWAY GP.GH!G
ST1HION l,IITHIN f) 2 4-HOIJR PF.:RIOO, HI TH FIJU.IJ lHNG ?.4 HOURS
ANOTH R H•, l Oi (3.95 JNCHF.:S> FF.LL TOTM.JNG 28.2 Cli {) L C•B
INCMF.S>, HI FOUR DfW TIJTf\l_ flT THIS STATIOH WAS 31. '.5 CM
<13,58 :tNCHI:&> <Yi lU .G M!TI HARRISr i966), f~GflJN Ott flF.:CEliBF.F:
23RO AHO 24TH FLOODS OCCURR » OH OAL Nfl, WH T S ANO STF.AHBOAT
CREF."5• GAL. t/A CR K WhS GhGf.ll f~T 9 ClJF:JC ti T RS < 315 ClJBlC
F T) P R S CON(1 PF.~i\ FLOW Rf.iTF.:. ST A~80AT CR K WAS 
M ASIJr<F.:TI P.T 13 Cllf<JC tffTF.RS <461 CUP.IC Ff T> F· R S C:OtHJ P[M:
FLOW RAT < Wr\l'!NAH H 1 T f\L, , 1971 > , TH  P t'IK FLOWS FOR 
GAL.F.Nf.i CR i': M!TI WIH1fS CR K FOR TH P RIOD 191,?. - 1969
SHOW O ntF. P r\K Fl.OW MOMTHS AS < VAH O R'BERG, T (';L, , 19 73 > ; 
f' f4  IJ M ·- f4T  
G AL. Nf) CF:F. K ... ) , nf) ·f - 18 CIJJHC FF. T P R S C. 
t •C C Jllr! - n ClHJIC F T PH< S C. .. . , J UL ., - 17 CUBI  F T PF.:R S C, 
WHJ1 S cr-.:1:n: ... f'\F'F:IL - 7 CUBI  F F.F.T f'[.fi: src. 
•••• t i1~)'( - 1 •) CUBIC F T PER S C, 
• t t C .llltff - 13 CUBI  F T n :P. S C. .... ~llll.Y - 7 Cllf< 1 C FHT PER S C. 
TH  FJVF 
Tiff nAH! -R fl ·30H FOR SP'4RS MTfl BF:ING t. J Ail.f"IBL FO R 
[IF:f\H!f4G CHAHH I.S THAT TR~"Jni'! TH /sr::s1s M< (1 1s :' 
THFH TH RE: IS OMl..·f G~'  Gr'.'i GING STATIIJH IJ THHI TH ~R f) , THAT
B  rn G f'l BO l IT r., N F.: u I.. 0 ii T F. R ( ;:i, I 1i l H s Of . (l M J L  ) F F; [) ,-; T H [. l..i ' s T F.: R r:
BIJIJHDAR 'f (ff T:·IF :.\ RFA • lHI GAL. NA CR K, THF.RF. ARe. NIJ GAGING
STATJO~!S (1T (ii.I. Or! BF:O\Jr!S, .JON S 01~ THOMAS CRED; s. TH R IS
A GA r, tN r, S T A T IO 1-1 J ll -; f t. AS T I) F TH I:: F.: fl S TE ~ H BOU H J) AR Y OF TH  
TH S J S P. H .r1 OIi \.JHJTF.: S rr..: u .: . 
rr2
Y■t■IUO KCL RYLT OM!0RYLI. HMIR05J ML RYE ■IE■T M.9S 5;YLOB 
0■C LT.■ ■.U ZIMG.O DIEENO ■IL UEHCDREUT RYE ■IE■O ML Y■1CeA5 
C.A.U■RCM.,C.D9AUC.y OE^EI■9 UEyIEEO ML OYEER L9MG, ■.U RYE 
r?? SE■I LCT MM5 H!T■C. ■IE UEODICZEU ■O &HIMZ■Z9E^ ■.U 
’EO:0:<■REM^, IEOHEDR!GTSB
C. rX0- ■ L9■OY L9MMU M. GYCREO DIEEN Y■O y■yEU ■R ■ HE■N 
L9MG ML 0FrT- DAZCD JEREIO K442? DAZCD LEERW HEI OEDM.UT RYE 
DMIHO ML E.yC.EEIO IEHMIR OR■REO RY■R ■ HE■N L9MG ML Z- DAZCD 
JEREIO KT!MMM DAZCD LEERW HEI OEDM.U ■R RYE D■.SM. JMARY M. 
GYCREO DIEEN GMA9U ZE E;A■9 RM RYE C.REIJEUC■RE IEyCM.■9 
L9MMU K<yy SE■I L9MMUWB CR CO YCyY9S HMOOCZ9E RY■R ■R RYE 
D■.SM. JMARY : .E■I9S lT4 NJ K4 JC!TLOW AH L■. LIMJ RYE y■yC.y 
OR■RCM., RYCO HE■N L9MG I■RE G■O E;A■9EU MI E1DEEUEUT
RYET DM.D9AOCM.O ■IE OE^EI■9T LCIOR, RYE HMRE.RC■9 LMI L9■OY 
L9MMUC.y CO ;ACRL IE■9CORCDT CR Y■O MDDAIIEU C.^■ISC.y 
UEyIEEO C. RYE H■OR GCRY U■J■yE C.DAIIEU ■9M.y E■DY ML RYEOE 
LC^E UI■C.■yE DY■..E9OT OEDM.U, OC.DE RYE DMIHO ML E.yC.EEIO 
IEHMIR y: rXf0, JMIE RY■. 4-? .EG YMJEO Y■^E ZEE. D<P.O ; IADREU 
C. RYCO OAZUC^COCM. KLCyAIEO 4 f lF:FnFFF‘ T , 2^. \ b . > , ■ 
OCy.CLCD■.R .AJZEI ML RYLOL .EG YMJEO Y■^E ZEE. DM.ORIADRLU 
C. ■IE■O GYCDY ■IE RYE JMOR 9CNE!TS ■IE■O RM ZE C.A.U■REU
UAIC.yT L9■OY L9TMMU E^E.RO KLCyAIE 4,m-TTR eTWT RYE HMGEI ML
:
DM.LC.EU G■REI C. ■ UEEH DY■..ECT D■..MR ZE A.UEIEORCJ■REUT 
LCyAIEO l?T ■.U lrT OYMG RYE OCtE ML ZMA9UEIO RY■R D■. L■OATS 
ZE JM^EU ZS L9■OY L9MMU G■REIOT C. RYCO ■IE■,P RYE HMHA9■RCM. 
UE.OCRS Y■O yIMG. J■INEU9S, ■.U GCRY CR RYL HM ;LN6R K■!T LMI
I 
1 18 
HAZARDS OF THE SOllTHF.:Rt-! F'ORTI DN t1F TH AF:F!'I , ONU .JONFS,
GAi ENA Mrn flF:OWMS Cf.:E I\S M:F fl[P I Cl TJ, TH Ar::  fiS OF liA>:I liUii
INIJNf.lAlIOl'h rni::uJOING S V RAL DtGR : S OF SH l::T FLOl-l' AN O . TH
10(• YF.Ar-: noon PL.Arn /\fff TIESCIUB D (-1S "F·ROBABLE" Mlll
• S r In,HF.O., R SPEr.·~y. 
IN i'i65 (.: FL.ASH FL.OOfl 01'! ~JIHTF.S f.R F.I\ 1-JAS GAG D f'H f-1 n.:f\r.
FLOW OF 61. 5 Cl.l8 J:C MET RS C 228•) CUB TC F T> P R St:=:COt-1(1, TH
CORPS OF NGIN RS RF.:Por-:T STAT S THAT A P M; FLOIJ or 85 CUBIC
MET RS <3•)•)•) CUBIC F T> P R S i::ONO (IT TH CAN'((JN iiOIJTH ON
WHJTF.S CR i\ WOLIL .TJ F QUAL TO TH JNTF.:RliEDI~T R GJDHnL
FLOOD C 1.00 'f r'\R FL.Ol1D>, lT IS HlGHU PflSSIBL THfiT riT TH
CM! YOH ti O lJ TH r ti  ('l P. LY 3 • 2 t~ ti C 2 Ii IL. F S > llP F (>, i'I FROM TH GAG H! G 
ST :HT. ON, TH IS P :,,i( FLOW RAT IUtS ~UALF.O OR F.::-<CFF.[IE[I, 
THE r.OMCUISIOl-lS ,~r, S l..1[F:f.lL, FlRSTr TH POT HT:c(IL FOf, FU~!:-H
FLOODING IS QUITE RF.:ALISTU:, IT HAS flCCURRF.:D IHVARYING 
IJ GR S IN TH Pf.lST WITH flAliAG JNClff:RET.I f.lLOl-!G MH DF TH S
F I '/ F. DR f.l I NA G C H MHff l. :, , 8 ~.: CO ~lfJ , S INC TH C OR P S OF r! G IN I:: S: S 
R POf:T or- 1974, MOF:  _ THAI-! :?50 NF\J HOM S HAV B N c y !S'iRUCff[I
IN THIS SllBDlVISION <FIGUR S 27 a,~ ---b ,, anr:i 7 , ,i A 
SIGNJFJ ('lNT NUMB R OF THFSF N W HOMFS HAV B N CDHSTRUCTFD
IN AR AS WHICH AR TH MOST LIK L.Y AR (IS TO B INIJHDAT D 
[1 U F: rn G , F l l'l SH F l. 0 0 [I r. IJ F N T S < F J G l Jr-: 2 9 ;:, , f l"> ,. ) , TH F.: F' 0 W R Of" 
• 
CONF INF.fJ Wr'l T  R IN f.l D FP CHAM NF.I. Cf.\NNll T BF.: IJH D Rl::S TI Mft T L1.
FIGI.IRF.S 3C•, MHI : -1, SHOW TH SlZ OF BOLll.fl[RS THAT CM! Ei-1SH.Y 
B MflV O B "( Fl .ASH Fl.00(1 W()TF.:RS, IN THIS AS:f:.A / TH P1JF'IJ LfHIO N 
[I /-!SJTY HAS GF-:OW~! MAr:KFf.11.Y r M!TI WtTH Jr THr F·CifF.rH :Cr". HiR 
' I 
rrV
■.UU .H IM.IHMER STY GOLHH GT ECL HALTE .H S H■SUC HZOD.YO 
ECGMYN ECGU I■GG■YGTF LBISTUG.T UC.PGOY GCCLGCSEL■R ^L CLE yGEC 
SYYGEG.TS■ UEPYGLU! UPQC SU ECL Q.MIU .H LTFGTLLMU MLI.MEO E. 
^MGTF PI E. YSEL ECL CS0SMY I.ELTEGS■ SMLSU? H.PMECO GE GU 
GlI.UUG^■L E. H.MQL KNWL S^STY.TlLTE .H ECL MLUGYLTQLU C.y 
^PG■E GT ECL CGFC CS0SMY SMLSUO C.yLALMO ^PG■YGTF Q.YLU STY 
YLAL■.ICLTEJ■STY PUL I■STTGTF YLQGUG.TU lPUE ^L QCSTQLY GT 
.MYLM E. IMLALTE .M SE ■LSUE lGTGlG0L ECL MGU9 ECSE ECLUL 
YyL■■GTFU SML LBGUEGTF PTYLMO GT ECL LTYO ECL IP^■GQ ISRU 
H.M ECLUL ■.UULU ^M.PFCE S^.PE ^R S ■SQ9 .H PTYLMUESTYGTF .H 
ECL CS0SMY .T ECL ISME .H ECL ^PRLMO GFT.MSTQL .M .PEMGFCE 
Q.TQLS■lLTE .H ECL CS0SMY .T ECL ISME .H ECL YLAL■.ILMO ECL 
^PG■YLMO .M ECL MLS■E.M STYJ.M ^R PTMLS■GUEGQ YLQGUG.TU ^R 
■STY PUL I■STTLMU STY .ECLM SFLTQGLU yC. CSAL ECL P■EGlSEL 




LOSS fJF PRClPERT '( AND L [FE IH THE F.'JENT IJF (1 FlflSH FL OD.
THIRD, THIS f<lll l.DING n:f'M!S J:01-! SHOUL.TJ Jtil'i[D If:TH Y BE l'iET ~p TH
ADDITIONAL STll(IIES, SIJCH AS HIE CORPS OF ENGINEERS RF.PORT, TO 
BRING lJP TfJ flATE TH[ HAZARD f'OTE~TlM. t'\F:E'f\S, FCllJRTHr J1' IS
IMPOSSIBLE TO E ABAHDONMF.HT OF THE REStDENC~S NOW 
BUILT IN THE HIGH HAZM:r, AREAS; HOWEVl::R, RlJIL.flrnG CODES M![I
DEVELOPMENT /l.AHD USE PU'\NHING DECISIONS MUST BE CHANGED IN
ORDER TO PREVENT OR AT LEAST MJHJ 'iJZE THE RJS~ THAT THESE
DWELLINGS ARE E:<IS'fING UNDER, tH HIE EHD, THE PU8Ltr. PAYS
FOR THESE l.OSSFS f<ROLIGHT AROUT BY A LACK OF LIHDERSTAHflJNG OF
THF. HAZARD OH THF: PART OF THE 131HER, IGNORANCE OR OIJTR IGHT
COHCEAl. 'iENT OF THE HAZARD O~! THE PM::T OF THE DF.VEUWER r THE
BUH.DER, OR THE: RF.AL.TllR AN(l/flR BY UNREALISTIC DECISIONS BY
LM!It IJSE f'I. MINERS MITI OTHER t'\GENC J F::S ~!HO HAVE THE Ill. TI l'iATE
AUTHORITY TO GRAN1 OR REFUSE THE PERMITS FOR SPF.CIFJC LAND















































FIGURES 27a. AND 27b . 
"MAIN STREET CROSSROADS OF THE GALENA TERRACE ESTATES. RAPID DEVELOPMENT 
IS SHOWN HERE OVER A THERR YEAR PERIOD. THIS AREA ALSO SEEN LOOKING EAST 
AT THE WESTERN FLANK OF THE STEAMBOAT HILLS IN FIGURE 14d. 
--- c 
FIGURES 28a . AND 28b. 
':"HE CENTER OF THE GRABEN IS SHOWN RAPIDLY DEVELOP I NG DURING THE WRITING OF 
:'HIS PAPER. FIGURE 14f. SHOWS THE SEISMIC OVERLAY, THE GREATEST SURFACE 
EZ?RESSIO:~ OF TliE S EISMTC ACTI VITY . 
LCyC5IIO HXQT ■.U 4X‘T
M. MDD■OOCM.B RYE A9RCJ■RE CO ■DYCE^EUT RYCO OCRE 
CO 9MD■RL5W E1■DR9S M. ■ L■A9R OD■IH KRMHW ■.U FX- 
■DR9S C. RYE 5M.EO DIEEN D09+..E9 KZMRRMJWT ■9OM 
OEE ECyAINO -T ■.CW CV0 T
FIGURF~"> 29n . AND 29b-. _ _ _.._ 
ON OCCASSION, THF. ULTIMAT IS ACHI VED. THIS SIT
IS WCATF.D XACTLY ON A FAULT SCARP ( TOP) AND E
ACTLY IN T!I JON . CR K CHAN N L ( OOTTOM) . ALSO
S FIGUlU:D 5 . At lli l½i . 
LCyAIE l?T
C. RYE ^‘YRRE- DIEEN DY■..E9 ■ 9■IyE ZMA9UEI ML 
OE^EI■9 RM.O .E■I9S RYIEE JC9EO UMG.ORIE■J LIDiT6 
RYE D■.SM. JMARYT REORJM.S RM H■OR LC■OY L9MMU 
■.U L■. ZAC9UC.y JEDY■.CDOT
FIGUR JO . 
IN TH V/1--lT TF:S CR K CHANNt:L A LARG BOULD R OF
S V RAL TONS N ARLY THR MIL S DOWNSTR AM F!10:.'.
TH CANYON MOUTH. T STDv!ONY TO !'A.ST FLASH F'LOO)























THE BOULDER£ DREDGED FROM GALENA CREEK TO HELP STRENGTHEN THE CHANNEL TO 
CON:ROL FLASH FLOODING . VIEWED NORTHERLY IN FIGURE 2a . MAJOR FLASH FLOODS 
HAVE OCCURRED HERE: ON GALENA CREEK Jl..lST UPSTREAM FROM ITS CONFLUENCE WITH 















yGECGT ECL PTGELU UESELU1 ECL FMLSELUE SYASTQLU GT FL.■.FGQ 
CS0SMY UEPYGLU t^LH.ML ECL HSQE CSAL .QQPMMLY GT ECL UESEL 
.H QS■GH.MTGS1 STY MWFXSfR U.O QS■GH.MTGS GU ^R HSM ECL C.UE 
FL.■.FGQS■■R SQEGAL SMLS yGECGT ECL Q.TEHMCGT.PU ;, UESELUO 
GEU LTEGML ■LTFEC GU UP^-LQELY E. ECL MGF.MU .H I■SEL 
ELQE.TGQU1 ECL UST STYMLSU STY .ECLM 9S-.M HSP■EU1 ECL 
Q.■■LQEG.T .H TPCLM.PU CS-PM MGALMU .M CGTPM YMSGTSFL 
QCSTTL■U .H ECL UGLMMS TLASYS STY ECL Q.SUES■ MSTFL1 ECL 
MSGTUE.MC H■..YU1 ECL H■SUC H■..YU1 ECL UCGHEGTF C.-SAL 
^■.Q91 ECL SMLSU .H UP^UGYLTQL GT ECL FMLSE AS■■LR1 ECL 
Q.■■SIUGTF Q■GHHU S■.TF ECL ISQGHGQ Q.SUE1 ECL I.ELTEGS■ 
A.■QSTGQ SMLSU .H ECL UESEL STY LALMR .ECLM Q.TQLGAS^■L 
FL.■.FGQ CS0SMY Q.PI■LY yGEC ECL ■SMFLUE I.IP■SEG.T .H STR 
UESEL il.ML lS-.M I.IP■SEG.T QLTELMUj CSU H.MQLY I.■GEGQS■1 
SQSYLlGQ STY UQGLTEGHGQ SFLTQGLU E. YLUGFTSEL1 UEPYR STY 
l5!5FSEL CS0SMY.PU SMLSU GT .MYLM E. IM.ELQE ECL IP^■GQ HM.l 
CGFC MGU9 SMLSU IMG.M E. YLAL■.IlLTEO EC.UL yC.UL U.■L 
IPMI.UL GE GU E. I■OST ■STYf PUL GT .MYLM E. lGTGlGUL GT-PMR 
STY ■.UU .H ■GHL STY IM.ILMER 5N97U-CL LALTEJYH S lS-.M 
FL.■.FGQ CS0SMY SML HGTS■■R ^LQ.lGTF SySML .H ECL 
Q.TUL:PLTQLU .H YLAL■.IGTF ST SMLS .H CGFC FL.■.FGQ MGU9
yCLML OECL I.ELTEGS■ y.P■Y .ECLMyGUL ^L GFT.MLYO ECLML GU S
:
ISECLEGQ T.EL E. ECGUO ECL ALMR PTH.MEPTSEL HSQE GU ECSE ECL 
l.EGASEGTF H.MQL ^LCGTY ECLUL CS0SMY UEPYGLU GU T.E 1 H.M ECL 
l.UE ISME1 IP^■GQ SQEG.TO ECL I.ELTEGS■y■STY.yTLM1 H.M 
LBSlI■L1 GU l.ML ECST yG■■GTF E. ^PG■Y O.M ^PR CGU TLy C.lL .T
7
 
NCl. J  E L H 
WITHIN THE UHtTES STATES THE· GREnTEST ADVANCES IH GEOL QB IC
HAZM~TJ STUDIES "BEFOFff THE FACl • HAVE OC:CURREI\ IN HIE SH1TE
OF CALIFORHIA AHO R SO. CALIFORNIA IS Bi FAR THE MOST 
GEOLOGICALLY {-1CTJVF. . ARE/I: WITHIN. THE COHTFRiiINOLIS 48 SH-1TES.
ITS EHTtRE LENGTH IS Sll8.JECTED ro THE . RIGORS OF PLATE
TECTOl'HCS r
COLtECTIOH
THE SAN M!DREAS ANTI OTHF.:R nA~lOR F(-1.lH.TS r THE
OF NUiiEROlJS M:'t.JOR RIVERS OR i1INOR ORIHNAGE
CHANNELS OF THE SIERRA NEVADA AND THE COASTAL RANGEi THE
RAHISTORM FL 0005 THE: FLM,H FLOODS, THE SHIFTING MO.JAVE
BLOCK, THE AREAS OF SUBSIDENCE lN THE GREAT VALLEYr THE
COLL.APSING CLIFFS AL.ONG THE PACIFIC consT, THE POTEHTIAL
VOL.CMIIC {-1REAS ClF THE SJ ATE (:ND EVERY 01 HER C:Or!CEJVABI.E
GEOLOG t C HAZARD COUPLED IH TH THF. LARGEST
0
P0PllU\l11JH OF ANY
STATE (iiORE ~AJOR POPULATJON CENTERS) HAS FORCE!\ POLITICAL,
ACADF.:iilC: ANTI SCIENTIFIC AGENCIES TO TIESJGHATE"r STUDY hND
HI fIIJATE MAZAROOllS AREAS HI OROER ro PROTECT THE PU8L IC FROM
HIGM RISK f-1r(Ef\S PRIOR TO [IF.VELOPtiENT, THOSE \.!HCISE SOLE
PURPOSE lT IS TO PL;AH LAND- IJSE HI OROF.R TO iil;:tF. reJURY 
ANTI LOSS OF LIFE" M!D PROPERTY HF. EVENT OF f'. tiA~lOF: 
GEOLOGIC HAZARD ARI:: FINALLY J3F.r.OnING AWAP.F. OF THE
cm!SF..(WfNCF.S OF TIEVFLOt··rnG M! M:F.(i OF HIGH G[OL.OGJ:C RJSI< 
WHi::RE • THE PIJTnlTIAl_ WOULD OTHER\HSE F.IE IGNORED. THERE IS A 
• 
PATHETIC t!OTE" TO THIS. THE VERY IJ~!FfJRTln!ATE F(iCl IS THAT THE
MOTIVATING FOR(:~ BEHIHD THi::SF. HAZARD STIJOIES IS NOT , FOR THE
MOST PP.RTr PUBLIC ACTlm!. THE
r POTENTIAL L.f'.NDOWr!ER r FCJF: 
EXAiiPLE1 tS MORE THAN ~JIU . ING llJ BUH.D . OR BIJ"r' HIS HF.W HOiil:'. Ori 
( 
r42
RYL a05:7 y: dh ISOFdR45 O044n DS d AdI4F OBdJrn DJ ih d OF55r
D■.SM. .E1R RM ■. C..MDE.R ORIE■J LMI YCO MG. H9E■OAIE ML 
OAIIMA.ZC.yOT C. YCO ■IRCD9E DM.DEI.C.y RYCO OAZ5E9R< 
N■9COEI KrXf-W OR■REO RY■R &yIE■R ^CEGO D■AOE Z9C.U.EOO^B ■ 
TLP; ZE■ARCLA9 YMJE KN9b‘6e L■.R■ORCD ^CEG GC99 C. RAI. DIE■RE 
■ Z9C.U.EOO ML RYE B MG.EI RM RYE Y■t■IUO GYCDY J■S GE99 
OAIIMA.U YCJT RYE DM99■HOE ML YCO YC99OCUE^ RYE IEDAIIE.DE 
ML OECOJCD ■DRC^CRS M. RYE MZ^CMAO KMI .AR OM MZ^CMAOW L■A9R 
MAR RYE Z■DN UMMI^ MI RYE OAUUE. L9■OY L9MMU M. RYE .E■IZS 
ORIE■J ■.U YCO &yIE■R ^CEG^ ■.U YMJE ■IE yM.E C. OC1RS 
OEDM.UOT RYE UE^E9MHEI CO .MR yMC.y RM C.LMIJ YCO ZASEI ML
RYEOE Y■t■IUO MI ICONO M.9S RM IAC. ■ O■9E T T T T T T T  A.9EOO
YE CO IE;ACIEU RM UM OM ZS 9■G* D■9CLMI.C■6O ■9;ACORFHICM9M 
■DR ML rXf4^ ■O ■JJE.UEU^ Y■NEO J■.U■RMIS RYE Y■t■IjW ORAUCEO‘ 
RYE HAZ9CD■RCM. ML RYE IEOA9RO^ ■.U RYE DMJJA.CD■RCM. RM RYE 
HAZ9CD^ EOHEDC■99S RYE HMRE.RC■9 HAIDY■OEI FMIF RYE MARICyYR 
UE.C■9 ML UE^E9MHJE.R HEIJCRO LMI RYE ■IE■T UE.C■9 ML 
UE^E9MHJE.R yE.EI■99S CJHC.yEO AHM. IEOCUE.RC■9 MI HAZ9CD 
ORIADRAIEO GYEIE HMHA9■RCM. UE.OCRS C.DIE■OEO ■IE RYE 
A9RCJ■RE IEOA9RT C. OADY D■OEO^ RYE 9■.U AOE H9■..EIO RYE. 
Y■^E MRYEI ■9REI.■RC^EO RY■R RYESF■;<;iB LIEE RM AOE OADY ■O 
YCyYG■S ICyYROFMLFG■S^ HAZ9CD H■INO MI MHE. IEDIE■RCM.■9 




J■.S tM.C.y ORAUCEO Y■^E .MG ZEE. HAZ9COYEU GYCDY DM.R■C. 
J■HO UEHCDRC.y f?YEO ML ^■ISC.y UEyIEEO ML yEM9MyCD Y■t■IU 
ICONT D9E■I9S^ ■ J■5MI HMIRCM. ML RYE 0Ed*UN ■.U I■.yE 





THF SHIF. OF r'H! LIHSTABL.E HILLr ml {I Fr'-iLILT SCM:P, GR IN A STEEP 
/ 
CAHYOH N XT TO AH H!NOC NT STRF.Aii FOR HIS OWH PL ASUR OF
sur.Romm J NBS. IN HIS ARTIC~ CONC RNING THIS SUBJ ~f ,
KALIS R (1973) STAT S THAT "GR AT VIEWS CAUS 8LIHDNF.SS". A 
NEWr B AUTIFUL HOH  • A FAHTASTIC VIEW WILL JN TURN CR AT  
A 8LIHOMES~, . OF THI:: OWN R TO TH HttZARDS WHICH i'IAY WELL
SUF:ROlltm HI n. THF. COL.LAPS OF HIS HJL.LSJJ.rE, TH R CLIP.RH!C
OF "S ISMIC ACTIVITY OH TH OBVIOUS (OR NUT SO OBVIOUS) FAULT
OUT · TH BACK DOOR r Or·: THF. SlJDTI N FLASH FLOOD Oi-1 TH t! ARBY
STR AH ANO HIS "GR AT VI W" AND HOM AR GON IN SIXTY
S CONDS. TH D V LOP R JS NOT GOING TO JNFORti HIS ~lJY R OF 
TH S HAZARDS OR RISKS ONLY TO RUIN A SAL. ••••••••••• UNL SS 
H lS R CWJk D TO no so BY LALi! CAI.JFOf:NH1'S ALCHJIST-PRIClLO
ACT OF 1972, ('IS AiiiiE:NOED, MAK S i!_A_~fHHOR"f TH MAZAR» STIJD[ S1 ... 
J. ,. -. , ~.- • .. r . 
TH PUBL JCATlOr! OF TH RF.SUL.TS, r'\NTI TH COtitiUHICATifJN TO TH
PU81.IC, SPF.:CIAL.13 TH POT NTIAL PUF:CHASF.:R -OR- TH OUTRIGHT
D NJf-il_ OF DF.VF.LOF'H NT PFRtiITS FOR TH AP.Er'\. II NH-1L OF 
D VF.:UJPii HT G N RAL.LY IMPING S IJPuH R SI(I NTI:,L OR PIJBLIC
STRLICTUF: S l,iH F:  PpPULATJON D NSITY JNCRFAS S AR TH
UL Tt i'iAT R SlJI .. T, I tf sur.H CASES, TH LANO US Plt-iN, RS TH N
HAV OTH R OL T F:N,H rvrs THAT THE Y AFtt;.. FR F. Tl~ Sl.lCH AS
Hlf3HWtW R IGHTS-·OF-WA "(, PIJBLir. PARKS OR OP N R CREATIONAL
ARF.f-1S i i, e,, LOW F'Of'l.lL('IT JO~! DD!S JTY USES, 
• 
• 




CL. ARL. "(, 
·zoH[S OF VARYING D GR S OF G OLOGIC HAZARD
A HAJOR PORTION OF TH J ASI AND RA NG~
PROVINCE, N VAT.tA ~~rn· TH TH SIS AR A Hi('LIF.J), M:F. rnc:r l.iflf:.TJ rn 
( 
‘
ECL SMLSU .H FMLSELUE MGU9O GT ECGU UEPYR LBSCIZOL; ECL
ISMEGQP■SM QDCQ■PUG.C ECSE yLUELMT TLASYS GU S ULGUTGQ MGU9 
.H ECL HGMUE .MYLM CSU ^LLT MLQ.FTG0LY H.M CSCR RLSMUO R<E 
■GEE■L SEELlIE CSU ^LLT CSYL E. GTUEGEPEL STR UESEPE.MR 
ML:PGMLlLTE H.M POTENIA .H ■STY PUL YLAL■.ICLTE .T S 
UEMGQE ^USHLER HGMUEk ^SUGU SU CSU ^LLT ECL QSUL ML■SEGAL■R 
MLQLTE■R GT QS■GH.MTGS? GT ECL ECLUGU SMLS! .TL QSTT.E CL■I 
^PE E. MLQ.FTG0L ECL PEELM YGUMLFSMY H.M S C.UE .^AG.PU
2 Q.■■LQEG.T .H CS0SMYUO ECLML SML GT LBQLUU .H 455 C.lLU GT
ECGU SMLS! S■■ QSTYGYSELU H.M ISMEGS■ .M E.ES■ YLUEMPQEG.T 
6GH ECL MGU9 HSQE.MU ^LQ.lL ST LALTE3O GE CSU CSIILTLY CLML 
GT ECL ISUE STY GE yG■■ CSIILT CLML SFSGT GT ECL HPEPMLO ECL 
SPEC.M Q.TQLYLU ECSE ECGU SMLS CSU S■MLSYR MLQLGALY ST 
Lt.*7)LA SC.PTE3y3SEZ■DE5Dyfyyy0yAySy .H CGTLU STY
O FL.■.FR STY ECL PUF4 CSAL MLQLTE■R Q.lI■LELY S TPl^LM .H
CS0SMY YLIGQEG.T UEPYGLU yGEC SQQ.lISTGTF CSIU GT ST 
LTAGM.TlLTES■ ULMGLUO ECL MLFG.TS■ I■STTGTF Q.llGUUG.T CSU 
QSMMGLY ECL YSES Q.■■LQEG.T E. S FMLSELM YLFMLLO YGFGEG0LY 
YSES .H S■■ 9T.yT CS0SMYU? GTQ■PYGTF T.TfFL.■.FGQ? UPQC SU 
^MPUC HGML? yCGQC fGlISQE LSQC ECMLLfSQML ISMQL■ 5yGECGT ECL 
SMLS SML YLIGQELY .T CSIUO 9T.y■HY.EE.Gy ECHUH Cy0yMYU GU T.y 
9T.yT STY YGUEMG^PELY? RLE ULTUG^■L YLQGUG.TU ^R MLUI.CUG^■L 
SFLTQGLU .T ■STY PUL Q.TEGTPL E. L■PYL ECL IP^■GQO MLQLTE■R? 
NAIdhSOOE FOROA*4)O.5 SII■GQSEG.T ySU SIIM.ALY yCGQC yG■■
LALTEPS■■R S■■.y SE ■LSUE ST.ECLM 455 MLUGYLTEGS■ YyL■■GTFU 
E. ^L Q.TUEMPQELY GT ECGU ALMR SMLSO
GllLYGSEL■R SY-SQLTE E. ECH Q‘S■HOTS 
YLAL■.IlLTEO MOMO ISME0L9 irV)sj yM.EL 3I.IP■SEG.T QLTELMU







THE AREAS OF GR~ATEST RISK. CH THIS STUDY EXAMPL.F., THE 
PARTICUL.AR COHCLUSIOH THAT WESTERN NEVADA JS A SEISHJC RISK
OF HIE ·FIRST ORDER HAS 8F.EH RECOGtHZEO FOR iiAHY YEARS, ·YET
LITTLE ATTEHPT HAS BEEN tiADF. TO ltlSTJTUTE M!Y SH-iTlJTORY
REQUIREi'iF.NT FOR OF LAHO USE OEVELOPMEHT ON A 
STRICT "SAFETY FIRST" BASIS AS HAS BEEN THE CASE RF.UiTIVELY
RECEHTL.'f tN CALlFORHrn, tH THE THESIS AREA, O?-!E CANNOT HELP
BUT TO RECOGNIZE THE UTTER nISRfGARD FOR A ~OST OBVIOUS 
COLL.ECTtOH OF HAZARDS, THERE ARE tN E'.<GESS OF 3 1) 1) HOi'iES IN 
THIS ARfAr ALL CANDIDATES FOR PAf~TIAL 01~ HITAL. DF.STRUCl JOt!
"IF THE RISK FACTORS F.IECOiiE AN EVEHT". CT lfrtS HAPPENF.[I HERE
IN THF. PAST Mm Jl WILL HAF'PF.N HERE M~AIN rn THE nnur:E. THE
AUTHOR CONCEDES .HlfH THIS ARE:, HAS AI.REr'\T1"{ RECF.IIJED AN
GEOLOG'f AHD THE IJSGS Hr'\IJE RECENTL. "f COMP TED I\ NUriBt.R OF 
HAZ~RD nEPICTIOr! SHIJ)ll::-S ~JU H (-iCCOMP(lNPW nAPS IN Ml
ENVIRONHEHTAI. SERIES, HIE REG ION AL PL.ANN H!G COMHISS IOH HAS
CARRIEn THE flATA COI.LECTIOI-! TO A CiREATER DE REE, J)lGJTIZED
· DAT~ Of" (-11.l. Kt!OWN HAZMHJSr INCI.UDH!G NOrl ·-GECtl.O ICr SUCH AS
BRUSH FI RE 1 WHICH • IHPAC:T EACH THREE-·ACRE PARGF=.:L J HHIN THE
AREA f.\RE nEPICTFT.l Ot! MAPS. ~;NOWl.F.II BE 01="' THESE r RflS IS tWW ( 
KNOIJH Mm DISTRlBIJTED, 'fF.T 8F.NSI8LE nEClSlm-!S JH RESPOt{SlBLE
AGnlCH.S 0~1 LMm USE COt!THWE TO El.UDE THE P\JBL JC: . RECENTLY,
ANOTHrn DF.VF.I.OPMENT APPL I Cf.I TI ON Wt'\S APPRf:l 1J f.O WHICH WILL • 
EVl:NTllALL'Y (-11.L.OW AT l.El'.\ST MIOTHER 3(1(1 RESJltfNTIAL I1WELL urns
TO BE COHSTR\JCTF.D HI THIS VERY ARF.n, 
ADJACENT Tll THF. GALENA
THIS NEW AREA IS 
' TF.RR~CE F.STnTF.S IMtiEfl!ATEL.Y 
DE 1JF.I.OPMENT, R. R, P :-i RIZF. K ( 1. 9 n) WROTE • POPU UH IOM CENTERS 
’
SML CGU■.QSEHODO ECLUL IL.I■L C.UE ^L IM.ELQELY HM.C ECLGM 
GFT.MSTQL .H ECL TSEPML STY I.ELTEGS■ .H ECL CS0SMYU STY
QGMQPCUESTQLU T T T T T T T T  FL.■.FGUEU C.UE I■SR S AGES■ jOL
GT YLHGTGTF CS0SMY.PU SMLSU; GT IP^■GQ YLQGUG.T CS9GTF STY GT 
CL■IGTF E. LYPQSEL3y3eIP^■GQkO CSEECLyU.T STY H.TE irV1Jkj 
UESEL ECSE 3PTQ.TEM.■■LY ^PG■YGTF IMSQEGQLU QSPUL C.lL.yTLMU 
E. UPHHLM SU S Q.TULPPHTQL .H H■..YU! H.PTYSEG.T HSG■PMLU? 
STY TPlLM.PU .ECLM LSMEC IM.QLUULUkO ECLR S■U. ■GUE SE ■LSUE 
y Ey. FLTLMS■G0LY I.■GQR UESELlLTEU&
GO FL.■.FGQ CS0SMYUO PM^STG0SEG.T GT CS0SMY.PU SMLSU UC.P■Y 
^L IM.CG^GELY .M ULALML■R ■GlGELY ^R ECL GTEM.YPQEG.T .H CGFC 
USHLER STY LTAGM.TlLTES■ UESTYSMYUO
GGO C.lL UGEL UPGES^G■GERO QGER F.ALMTlLTE UC.P■Y ML:PGML 
ECSE ^PG■YLMU STY MLS■E.MU UC.y ECL IM.UILQEGAL ^PRLM ECL 
UGEL UPGES^G■GER .H CGU TLy C.lLO ^PG■YGTF Q.YLU UC.P■Y ^L 
LUES^■GUCLY UPQC ECSE LSQC C.lL UEMPQEPML GU YLUGFTLY E. HGE 
ECL FL.■.FGQ LTAGM.TlLTEO UPQC GTH.MlSEG.T UC.P■Y ^L HG■LY 
yGEC LSQC I■SE UP^lGEELY H.M SIIM.AS■O
yCSE Q.TQ■PUG.TU QST C.TLUE■R ^L YMSyT1 GH ECL HGTS■ 
SPEC.MGER .T ■STY PUL YLAL■.IlLTE CSU UPQC ■GEE■L MLFSMY H.M 
■GHL STY IM.ILMER? yCSE TLBE GU UQCLYP■LYfH.M SIIM.AS■ GT 
UPII.ME .H ECGU ’55 C.lL MLUGYLTEGS■ SMLS1 UQC..■U? ■.QS■ 
F.ALMTlLTE ^MSTQC .HHGQLU STY IP^■GQ PEG■GEGLU SML ECL 
■.FGQS■ QC.GQLU UGTQL ECLUL SML E. ^L ECL Glly5YESEL TLLYU .H 








ARE liJSL.OCATEft. THESE PEuPLE HUST BE PROTECTED FROH THf.lF:
IGNORANCE OF THE NATURE AND POTENTIAL OF THE HAZARDS AND 
CIRClJHST~NCES •••••••••••• BEOLOGISH, HUST PU\Y P. VITM. ' L E 
IN DEFIHING HAZARDOUS AREAS, IN PUBLIC DECISION iiAKING AHD rn 
HELPING TO EDUCATE ~ATTHEWSOH AHD FOHT ( 197~)
STATE TIMT "UNCONTROLLED JHJH.DING PRACTICES CAUSE HOnEOWNERS
TO SUFFER f'.S f'. CmlSElWfNCE OF FLOODSr F(llJ~DATJOtl FML!Jr-:F.S,
AHD NUMEROUS OTHER EARTH PROCESSES". THEY ALSO LIST AT LEAST
TWO ·6DffRAL:r7.ED POL.IC). Bl ATEl'iEHTS: 
I. GEOLOGIC HAZARDS, UR8AHIZATIOH IH HAZARDOUS AREAS S HOULD
BE PROl-lIRJTETJ OR SE VEF:El Y l.lliITED IW THE INTROIHJCllOH OF HIGH
SAFET.f AND ENIJIRONnENTAL STAHDAROS • 
II• HOME SITE" SlJITABJL ITY. CITY GOVERNHENT SHOIJLft REC:llIRE
THf'IT 8UIL.OERS AND REAL TORS SHOW THE PROSPECTI 1JE BUYER THE
SITE SLIJH:BIL llY or- HIS tH:\l HOi'iE. BUILDING COJl [ S SHOULD BE
ESTABLISHED SUCH TUAT EACH HOiiE STRUCTURE: IS DESIGNED TO FIT
.THE GEOLOGIC F.N\.'IP.ONJ1ENT. SUCH JNFfJRiiATlm! SHOULTJ FIE FJI. F.:I1
WITH EACH PLAT SIJBii CT.TED FOR APPROVAL, ) 
lJHAT COt!CLUS JONS Ct'\N HO~!F:STLY BE TJRMIW? IF THE FH!AL
AUTHOR IT'( OH LANO USE DEVE'- t)PiiENT Hf\S SUCH LITTLE REGARO FOR
LIFE MID PROPERTYr ~ll-lAT NE>:T JS SCHETJllLETJ • FCJR APPRO\.!?:L H! 
• 
SUPPORT CJ:=" TH IS 5 1)() HOiiE RF.SIDEHHAL AREt-1? SCHOOLS, LOCAL
GOVERNHf.NT BRM!tH OFFICES Mm PlJBL.IC lJTJLJTJF.S f.lF;F THE
l t1GICAL CHOICES SINCE THESE ARE TO BE THE IHM, Oif'ITE NEEDS OF
THE W RESin ENTS, ,~LL OF THESE STIWCT IJ F:ES Ar:;E SIJfl JEC T TO 
( 
G&n
ECL ISUE STY IM.ALT YLUEMPQEGAL CS0SMYU .H ECL SMLSO ECL 
EGTL CSU ■.TF UGTQL ISUULY yCLT I.■GEGQU UC.P■G5 FHnE .PE .H 
ECL ^PUGTLUU .H YLELMlGTGTF yCLECLM .M T.E IP^■GQ USHLER 
UC.P■Y ^L D.CUGYLMLYO ECL EGlL CSU ISUULY H.M ECL UESEL .H 
TLASYS E. ES9L S C5yMNNy..9 SE ECL SMLSU yCLML GE QST USHL■R 
YLAL■.I GEU QLTELMU .H I.IP■SEG.T STY IM.ELQE GEU GTALUElLTEU 
GT ECGU I.IP■SEG.T 3^LH.ML ECL MGU9U ^LQ.lL LALTEU3O
P ECGU UEPYR CSU UC.yT ECSE ECL SMLS GU PT:PLUEG.TS^■R ^LGTF 
YLAL■.ILY GT YGMLQE Q.THM.TESEG.T yGEC TSEPML yGEC S 
I.ELTEGS■ H.M YGUSUELMO GE GU S Q.THM.TESEG.T ECSE TSEPML 
yG■■ S■ySRU yGTO GE GU SIISMLTE ECSE ECL I.ELTEGS■ H.M
IT IS ALL TOO_D?i^ASJER HAS NOI BEEN CONSIDERED HERE,
AO y
SIISMLTE ECSE T. GTELTNZ.T E. Q.TUGYLM ECGU I.ELTEGS■ yG■■
IMLASG■ GT SMLSU UPQC SU ECGU PTEG■ UEMGQE ■SyU SML
■LFGU■SELY STY LTH.MQLY yCGQC yG■■ L■GlGTSEL UPQC SMLSU STY 
.T■R S■■.y ECL USHLUE SMLSU E. ^L YLAL■.ILY H.M MLUGYLTEGS■ 
Q.llPTGEGLU STY IP^■GQ ^PG■YGTFUO
GE GU S■l.UE GlI.UUG^■L E. MLQ.TUGMPQG ECL YLESG■U‘.T C.y S 
YLAL■.IlLTE GT UPQC ST SMLS SU ECGU ySU S■■.yLm!JC.yLALMN 
YPMGTF ECL yMGEGTF .H ECGU ISILM! S TLy YLAL■.IlLTE ySU 
S■■.yLY E. ^LFGT Q.TUEMPQEG.T GT ECL SMLS GllLYGSEL■R E. ECL 
U.PEC .Ef ECLO FS■LTS ELMMSQL LUESELUO ■STYlSM9 YLAL■.IlLTE GT 
rV), IM.I.ULY S TLy A20 SQML YLAL■.IlLTE iIC.E.lSIj? ECGU 
NPSN5 0IPnDPSn 5* ECL T.MEC ^R FS■LTS QMLL9 STY E. ECL U.PEC
f
^R ^M.yTU QMLL9 GU TLSM■R LTEGML■R .T ECL ^LY M.Q9 ECSE 
.QQPMU GT ECL ECLUGU SMLSO ECGU SMLSf GU CLSAG■R H.MMLUELY;
7
. - -. . -
.; 
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THE PAST MID PROVEN DESTRUCTIVE HAZARDS OF THE AREA. THE 
I 
TI liE HAS L.OHG SJ NCE. PASSED ~IHEN POL. J l JCS SHOLIL fl G[T Ol.lT OF 
THE BUSINESS OF DETERiHHING WIIETHER OR NOT PIJBL IC SAIF.:E ll' Y
SHOULD- BE COHSJllERF.Il. THE THil.: HAS PASSED FOR THF. STATE OF 
NEVADA TO AT THE AREAS WHERE IT CAN SAFELY
DEVELOP ITS CENTERS OF POPULATlOH · r'-IND PROTECT ITS JN\IEST iENTS
IH THIS POPULATION "BEFORE THE RISKS BECfliiE EVENTS', 
THJS STUDY HAS SHOWM THAT THE AREA JS UNQUESTIOHnBLY BEING
DEVELOPED rn DIRECT CONFRONTnTtOH WITH NATURE WITH A
POTENTIAL FOR DJ SASTF.R. JT IS COiffROHTATlO~l THAT tuHllP.E
WILL ALWAYS UHi, IT IS APPARENT THAT THE POTENTIAL. FOR 
ISAST l. ..... . ....... · "~ .,,. ... ... H Jll - ·  .1 T I.S fll.  
APPARENT THAT NO INTENfION TO CONS[OER THIS POTENTIAL WILL 
PREVf\JL lN Af:EAS SUCH (IS THIS IJNTll. 5H:ICT LAWS Af:E 
LEGISLATED MIO ENFORCED WHICH WILL El IMINATE SUCH AREAS AND
ONLY (ii.LOW THE SAFEST ARE~S TO BE DEVELOPED FOR RE~;JJJF.NTif\L
COiiiiUNITIES ANO PUBLIC BUH.DINGS, 
IT IS AL HOST J ~iPOSSJ Bl.t Hi F:ECONSl RLIC"I THE DET ~ oe HOW A 
SUCH I Ai.$ t.ms ALLOWE . ; HOWEVER, DEVELOPiiENT IN ,)N ARl:.A AS
DUF:ING THE ~IF:I"I ING Of THIS PAPERr (i NEW fl E \I [ L OF'ii ENT, ~JAS 
ALLOWED TO BEG IN CONSTRUCT ION IN THE AREA Iiiiil:.DI nTEL"f TfJ THE 
SOUTH err: THE GALENA TEF:RACE ESH,TF.S. LM!DMAF:~ DEVEI.OPiiENT rn• 
1978 PROPOSED A NEW ~  ACRE DEVELOPiiENT CPHOTOiiAP). THIS 
AREAr ~QRDFREfl TO THE NORTH ~y GAL.ENA CREE~ ANTI TO THE SOUTH 
( 
BY BROWNS CREEK IS NF:ARI..Y ENTIREl. "f ON THE 8Eti ROCK THAT 






^PE yGEC GCUILQEG.T .H ECH IC.E.CSI .THO QST LSUG■R YHEHMDGTL 
ECSE ECL IMLY.lGTSTE TfU T.MlS■ HSP■EGTF .H ECL ECLUGU SMLS 
LBELTYU GTE. ECGU SY-.GTGTF SMLSO ECL IM.I.US■ .H ECL 
YLAL■.IlLTE .H ECGU ;s5 SQMLU MLYPLUELY ECL 0.TGTF E. ^L 
YLUGFTSELY SfZ SFMGQP■EPMLj yGEC 44) GTYGAGYPS■
YPL■■GTFU .C ■.EU MSTFGTF HM.l rJs E. s SQMLU LSQCO ECGU 
YLTUGER P.G-■Y ^L 5O, YPL■■GTFU ILM SQML ECM.PFC.PE ECL 
YLAL■.IlLTEO
ECL ■STYlSM9 YLAL■.IlLTE IM.I.US■ H.M ECGU SMLS5 9T.PT SU ECL
FS■LTS H.MLUE LUESELUk PSU Q.TUGYLMLY ^R ECL ySUC.L Q.PTER
MLFG.TS■ I■STTGTF Q.llGUUG.T iPQMIQj .T ULALMS■ .QQSUG.TU GT
lGY rV),O ASMG.PU CSIU ZSASG■S^■L T.y H.M IP^■GQ GTUILQEG.Tj
.H Q.TUL:PLTQL 3 yLML ML:PGMLY H.M Q.TU3ZYLMSEG.T ^R ECL PQMIQ
ECM.PFC ECL ■STYlSM9 YLAL■.IlLTE LTFGTLLMO ECLUL CSIU
GTQ■PYLY ECL .ALMAGLy .H ECL YLAL■.IlLTE UC.yGTF ECL ULALMS■O
ICSULU .H YLAL■.IlLTE? H■..Y I■SGT IM.BGlGER? FMLLT^L■E SMLSU
STY ECL ■G9LO GT HSQE? ECL PQMIQ ■LAGLY sV Q.TYGEG.TU .H
YLAL■.IlLTE? ■GUELY ECLl STY IMLULTELY ECLl E. ■STYlSM9
YLAL■.IlLTE STY ECLGM YLAL■.IlLTE LTFGTLLM GT SPFP:5 .H rV),O
^R ECGU EGlL GT rV),? ECL TLASYS ^PMHEUP3EYH CGTLUFL.■.FR?
ECL HLYLMS■ ySELM Q.llGUUG.T? ECL SMlR Q.MIU .H LTFGTLLMU?
STY ULALMS■ IM.HLUU.MU .H FL.■.FR STY LTFGTLLMGTF SU yL■■ SU
ULALMS■ LSMEC UQGLTQL FMSYPSEL UEPYLTEU QNH ULALMS■ TLSM^R
PTGALMUGEGLU CSY Q.■■LQEGAL■R IM.YPQLY SE ■LSUE ELT ir5j
UGFTrHGQJjTE MLI.MEU Q.TQLMTGTF ECH FL.■.FGQ CS)OSMYU LBGUEGTF
\
GT STY SM.PTY ECL FS■LTS ELMMSQL LUESELU STY ECL IM.I.ULY 
FS■LTS H.MLUE LUESELU UP^YGAGUG.TUOf GT HSQE? ECL TLASYS
I 
.. ··· 
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BUT WITH IHSPECTIOH OF THE PHCITOi'lAP ONE CAN EASILY OETERMINE
THAT THE PREDOHINMIT N·-S NORnAL Ff.t!JL TlNG OF THE THESIS AF:EA 
EXTENDS INTO THIS AOJOIHING . AREA, THE PROPOSAL OF •THE
DEVELOPnENT OF THIS -12(• f>.CRES RERlJESTF.D THE ZOIHNG TO f!E 
DESIOH~TED A-t (f '."R-ST AGRICULTURE> WITH 337 IHDIVXDUAL 
DWELLINGS OH LOTS RAHGING FROH l/2 TO 2 ACRES F.ACH. THIS
DEMSITY WOULD BE o.a DWELLINGS PER ACkE THROUGHOUT THE
DEVELOPMENT. 
THE LnNDHARK DEVELOPlifNT PROPOSAL FOR THIS AREAr KNOWN AS THE 
GAL.ENA FOREST ESH\TES1 WAS COl'!SIOERED BY THE WASHOE COUNTY 
REGIONAL PLANNING COliliISSIOH (WCRPC) ON SEVERAL OCCASIONS "IN 
MIO 1978, VARIOIJS HAPS (AVAIU:i'BLE NOW FOR PIJBU:C HISPtCTION) 
'or CO; ~s~:"auENC.E ., WE"-~'E' . tlF.OUiF: Ell ' F'[IR CON ~ -flFRl'HHHI f< Y- 'THE WCRPC 
THROUGH THE 1. AHOi'lARi< UEVELOPMEMT ENGINEF.:R, THESE MAPS 
INCLlJflEn THE O"'F.RVJ EIJ OF THE nr-:vn.OF'HENT SHOIJH!G THE SEVERAL. 
PHASES OF DE 1JELOPi'lEHT, FLOOD PL~IH PRO:<IMITY, GREEHBELT AREAS 
AND THE LIKE. IN FACTr THE ~CRPC LEVIED 2 9 CONDITIONS PF 
DEVF.:LOPnEHT, LISTffJ • THEM AHD PRESEHTED THEM TO LAHOMA RI< 
DEVEI.Of-'liFNT (:Nfl THEIR nn•EL.OPliD!T ENGH!fER IN ALIGU~ ) OF 197R. 
BY THJ.S TIME HI i97(~, HIE NF.VADA BU R AIJ~Jt-" MIN l-: Sr ti GEOLOGY, ( 
THE FEDERAi. WATER COnliISSION, THE AR iY CORPS OF ENGlNfERS, 
ANO SEVERAL PROFESSORS OF GEOLOGY ANO ENGINEERING f\S WELL AS 
SEVERAl EARTH SCIENCE GRADUATE STUDENTS OF SEVl:RAL NEM{J<Y • 
UNIVERSITCES HAD COLLECTIVEL.Y PRODUCEO AT LEf\ST TEN (10) 
SIGNIFIC_MIT REPOF:TS cm-lrERNH!G THF r,toLOGJC HAZM~Df> F.>:ISTH!G 
I 
IN ANO AROIHIO THE GALENf\ TERRACE ESTATES AND THE PRtJPOSE[I 




^PMLSP .H CGTLU STY FL.■.FR UEPYR ySU ) GT ISME? HPTYLY ^R ECL 
yQMIQO Q.TQLMTGTF ECL sV YLAL■.ICLTESGO Q.TYGEG.TU ■LAGLY ^R 
ECL PQMIQ? .T■R .TL irj SYYMLUULY FL.■.FGQ CS0SMYU? ECL 
UQ.IL .H ECSE UGTF■L Q.TYGEG.T ML:PGMLY ECL LTFGTLLM H.I& ECL 
YLAL■.ILM E. YLHGTLySZN+3YLIGQE .T ECL YLAL■.ICLTES■ CSIU ECL 
t^.PTYU .H ECL ’5 RLSM H■..Y I■SGT H.M S■■ CS-.M YMSGTSFLUk? 
STY 3U.lL UE.Ml ySELM Q.■■LQIG.T URUELl y.P■Y ^L YLUGFTLYkO 
yCLT ECL lSIU yLML Q.lI■LELY STY IMLULTELY ^R ECL YLAL■.IlLTE 
LTFGTLLM E. ECL yQMIQ? ECL H■..Y I■SGT? SU ML:PLUEH. CSY T.E 
^LLT YLIGQELYO SU SU ST S■ELMTSEL kMPGQ9 U.■PEG.Tk? ECL 
yQMIQ YLQGYLY ECSE kT5 YyL■■GTF y.P■Y ^L S■■.yLY E. ^L 
Q.TUEMPQELY yGECGT 4r lLELMU iPf5 HLLEj .H ECL 5.. RLSM H■..Y 
I■SGT .H FS■LTS QMLL9? yCGQC H.M U.lL PT9T.yT MLSU.T CSU ^LLT 
YLIGQELY .T ECL IMLULTELY lSI5? T. lLTEG.T ySU CSYHO .H ECL 
.ECLM Ey. lS-.M YMSGTSFLU ^.MYLMGTF ECH IM.I.ULY YLAL■.IlLTEO 
ECL LTFGTLLM ySU SIISMLTE;OR ■LE .HH ECL C..9 GT YLELMlGTGTF 
ECL ’5 RLSM H■..Y I■SGT STY SIISMLTE■R ISGY ■GEE■L SEELTEG.T 
E. ECL yMGEELT ML:PLUEU .H ECL yQMIQ? STY ECL PQMIQ? GT? EPMT 
YGY T.E H.■■.y ECM.PFC yGEC ECLGM ML:PLUEUO
I
!f3? f6 ECL yQMIQ lGTPELU .H ECL IP^■GQ CLLEE1NNy .T ULIEy‘Z^LM ,? rV), 
■GUELY ^GB iSj lS-.M HGTYGTFU yCGQC y.P■Y CL■I E. LUESK■GUC 
ECL AGS^G■GER .H ECL GELl ),fr)), ELTESEGAL I■SE .H ECL 
FS■LTSk H.MLUE LUESELU IM.I.ULY YLAL■.IlLTEO ^ T.TL .H ECL UGB 
SYYMLUULY S UGTF■L FL.■.FGQ CS0SMYO ECGU lLLEGTF QSlL 
ULALMSZ YSRU SHELM ECL ULIELl^LM ’? rV), yQMIQ lLLEGTF yCGQC 
ySU GTHSQE S IP^■GQ CLSMGTF E. YGUQPUUy ECHO IM.I.ULY




BUREAU OF MINES AND GEOLO GY STUDY WAS, IH PART, FUHDF.D BY THE 
HCRPC. COHCERrH NG THE 29 flEVELC PliENTAL COHTJJTIOi'lS LEVIED BY 
THE WCRPC, ONL"f ONE < J. > AO-ORESSED GEOLOGIC HAZARDS. • THE 
SCOPE or THAT SINGLE COHDITIOH REQUJREn THE ENGINEER FOR THE 
I Bomms OF THE' so YEAF: FLOOn PL ~IN FOR ALL tiAJOR DP.AH!AGES I,
AND 'SOME STORii WATER cnt.LECrIOH SYSTEii WOULD BE OF.SIGNED'.
WHEN THE' iAF'S WERE' CO if'L.ETFTJ M!D PRESENTED BY THE IIEVE:t OniENT
ENG INF.ER TO THE WCRPC, HIE FLOOD PLAIH, AS REOIJESTEO HAO NOT 
BEEN DEPICTED. AS AS AH ALTERNATE 'RUJCK SOLUTJOH"r THE
WCRPC DECHJED THAT 'Nl1 DWELLING WOIJL.D BE ALLOWED TO BE
COHSTRUCTED WITHIN 31 iETERS (100 FEET> OF THE loo YEAR FLOOD
PLAIN OF GALENA CREEK, WHICH FOR SOME UNKNOWN REASOH HAS BEEN
DEf'JCTf.D OH THf
r 
OTHfR HIO tiAJor-: flRAINAGES FIOf·:flF.RH!G THF f'ROF'OSE[I Ii EVF.LOPMENT,
THE ENGINEER WAS APPAREHl . Y I.ET OFF THE HOOK IN DETERHIHING
THE 50 YE~R FLOOD PLAIN ANTI AF'F'Af-:ENTL.Y PAIIJ LITTLE (HTF.NTJON
TO THE IJRITTEH REQUESTS OF THE WCRPC, AHO THE WCRPC, IH, TURN
Difl NOT FOLLOW THROUGH WITH THFJk REQUESTS. 
THE WCRPC a INll Tf. S O THF. PIJBLl C riE EI I ~ Of! SF.PT~ R S, 19 78 I 
LISTEfl SJ>: (6) liAJOr-: FHHljNG~ WHICH ~IOIJL.II HELF· HJ ESTA.BLISH 
THf. VIr18IUT"f OF THF. 1TF:ii 713-17'18 TENH1TIIJ_E PL!lT OF TH E 
GALENA• FCff-:EST EST~Tf.S P RO F'OSf"II DEV f. LOF'iiENT, ' NO NE OF THE SJ X 
• 
ADDRESSED f) SHIGLE t3F (!LO fHC HAZARD. THIS MEETI NG CAME 
SEVERAi DAYS AF~ER THE SE PTEHBER 5r 1978 WCRPC HEET l HG WHI CH 
( 
WAS INFACT A PUBLIC HEARIN G TO DISC SS TH E F·ROPOSED 





UE^E!TMH:<E.R G■O RYE UE^E!TMH:0E.R E.yC.EEIT RYE JC.AREO ML 
RY■R JEERC.y OYMG RY■R RYE E.yC.EEI HCH .MR ■UHIEOO ■ OC.y9E 
yEM9MyCD Y■t■IUf .MI UCM YE E^E. ■RREJHR RM JC.CJCtERYE 
HMRE.RC■9 Y■t■IUOT RYMOE HIEOE.R RY■R MHHMOEU RYE
UE^E9MHJE.R ■MUIEOOPUP.9S M.E KC- yEM9MyCD Y■t■IUB RYECI 
DM.DEI. G■O HMRE.RC■9 UMG.FYC99 GE99 Y■REI DM.R■JC.■RCM. ZS 
OEHRCD R■.N 9E■DY LCE9UOT RYEOE IEDMIUO OYMG ■. Cy.MI■.DE ML 
RYE Y■t■IUO ZS RYE UE^E9MHEI ■.U ■ HIMLMA.U 9■DN ML
P A.UEIOR■.UC.y ML RYE Y■t■IUO ZS RYE 9MD■9 IEOCUE.ROT
■ UED9■I■RCM. M;F IEORICDRCM.O LMI RYE y■9E.■ LMIEOR EOR■REO 
ZS 9■.UJ■IN UE^E9MHJE.R C.D9AUEU A.UEIyIMA.U ARC9CRCEO ■.U 
J■1CJAJ EORYERCD HIMREDRCM.B ZAR .MR ■ OC.y9E GMIU ■UUIEOOEU 
RYE yEM9MyCD Y■t■IUOT ■O E■I9S ■O ■AyAOR rXff) RYE &
T UE^E9MHEI6O E.yC.EEIC.y OR■LL IEHMIR Y■O 9COREU ■O RYE 
sHICJ■IS UEOCy. DM.OCUEI■RCM.O^ F RM HIEOEI^E RYE EORYERCD 
;A■9CRS ML RYE HIMHEIRS F T E^E. RYCO IEHMIR L■C9EU RM
■DN.MG9EUyE RYE HIEOE.DE ML yEM9MyCD Y■t■IUOT
C. LA99 N.MG9EUyE MLF■99 RYE IEHMIRO M. yEM9MyCD Y■t■IUO RY■R 
E1COREU HICMI RM RYE C.CRC■9 OAZJ!RR■‘ ML RYE LMIEOR
EOR■REO HIMHMO■9B ■.U C. LA99 N.MG9EUyE ML RYE ORAUCBEO C. 
HIMyIEOO ZS RYE .E^■U■ ZAIE■A ML YC.EO ■JU yEM9MyS DM.DEI.C.y 
yEM9M;,CD Y■t■IUOB RYE G■OYME DMA.RS IEyCM.■9 H9■..C.y
DMJJCOOCM. ■HHIM^EU RYE UE^E9MHJE.R■9 HIMHMO■9 ■.U




D VELOPMENT WAS TH D VELOPMENT NGIN R, TH MH!IJT S OF
,• 
THAT H TING SHOW THAT TH NGIN R nrn HOT ADDR SS A SINGL
G OLOGIC HAZAR01 NOR om H " V H f:\TT MPT TO iitNiiiIZE ·T,H
POT NTIAL HAZ~RDS. THOSE PRES NT THAT OPPOS }) TH  
D U LOPH NT ADDR SS_ ONLY ON Ct> G OLOGIC HAZARD, TH IR
CONC RN •JAS POT NTJAL DOWH-HILL- ~11:L.L WAT R CO~ITMiINATJON BY
S PTIC TAHK L ACH FI LDS. TH S R CORDS SHOW AH IGNORANC OF
TH HAZARDS BY THE DEVELOPER AND A PROFOUND LACK or 
UNDtRSTAHDING OF TH HAZARDS BY TH LOCAL R SID NTS, 
A D CLARATION O R STRICTIONS FOR TH GAL NA FORfSl STAT S
BY LANOrlARK D :IJ LOPM NT INCLIJD O IJHO RGROUI-Ht IJT Ill TI S AND
HAXJHUH STH TIC PROT CTIOH, BUT NOT A SINGL WORD ADDR SS D
TH .. Gf.OLOG IC H~Yl~R ~L AS EARLY AS UGUST 1977 1 i;HE " 
... - .. ... • ·- • - •• t,f- _... ....... • • • - .~ .,., ;- .. .~ • 
D VFLOP R / s NGIN RING STAFF R Porn HAS LJSTF.D (iS TH
'PRIM ARY O SIGH GONSIOER~TIOHS' - TO PR S RV TH STH TIC
llUALJ TY OF TH PROP RTY Vl:N THIS R F'OF:T Ff•Il.F.TJ TO 
ACKNOWL.EOG TH PR S NC OF G OLOGIC HAZARDS, 
IN FULL. I\NOWLF.:TJG OF - ALL TH RF.eo,ns oH r,n,1.or,1~1,r,ns THAT 
INITIAL SUBM lfiA~ OF TH G 
0
ENn FOR ST XIST D PRIOR TO TH
STAT 'S PROPOSAL, M!D IN FULL I\HOWL. JJGI:. OF TH SlllIII, S H!
PROGR SS BY TH N VADA BUR AU (IF MIN S AND G OLOGY CONC RNING
G OLOG"J C 
COMnISSIOtt 
HAZARDS, TH WASHO COl.lr!TY RrGJOl'!AL PLM1i'1H!G • 
APPR0 1J D . TH  O V LOPn HTAI. PROPOSAL 














CR YAOR ZE Y■UE HEILEDR9S D9E■I RY■R .M 9■G E1COREU GYCDY 
GMA9U Y■^E LMIDEU RYE ■UUIEOOC.y ML RYEOE yEM9MyCD Y■t■IUOB 
ZAR CR CO E;A■99S D9E■I RY■R RYEIE OYMA9U ZE ■ HAZ9CD UEJ■.U 
LMI 9EyCO9■RCM. ML UE^E9MHYE.R DMUEO RY■R GC99 HIE^E.R RYCO 











IT MUST 8 HAD P RF CTLY CL AR TH~T NO LAW XIST D WHICH
.:f.. - ={-~ 
WOULD HAV FCtF:C 'TJ TH A[ITJRESSHW OF TH S G "CtL06I C HAZAr:i.lS,
BUT 1T ts QUAL.LY CL t-'\R THfiT TH R~ SHOULD B A PUBLIC D i1kND
FOF: L GJSL.ATJOH OF D V LOPM NT COD S THAT WILL PRfV NT THIS
KINO OF LAND FROii B ING MnD  AGAIN IN TH  
FUTUR  • 


















i ^G^■G.FMSICR STY MLHLMHTQHU QGELY
SYSCU; BJNJrU’ 0JsJ 0pPshDNSeG cJNJ nNkNr; STY -OHOULEELM 
irV*,jO S^U.■PEL FL.QCM.T.■.FR .H CLU5s5GQ .M.FLCGLUN 
U.PECLSUELMT QS■GH.MTGS iS^Uj FL.■O U.QO SCO UILQGS■ ISILM 
r5rO ; IOZ O
S■FLMCGUULT! UOEO irV*VjO ULGUCGQ MGU9 UEPYGLUO IM.QLLYGTFU 
.H ECL H.PMEC y.M■Y Q.THLMLTQL .T LSMEC:PS9L LTFGTLLMGTFO 
A.■O -O5! IO l f s)! USTEGSF. QCG■LO
S■■LT1 QOMO1 irV)’jO FL.■.FGQS■ QMGELMGS H.M LAS■PSEGTF
ULGUlGQGERO ^P■■O FL.■O U.QO SCO! A.■O ,*?! T.O ,O
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U.PMQL .H FL.■.FGQ EGCL UQS■L
QSl^MGST URUELl f *5?y-5J■5OG5T RLSMU ^LH.ML IMLULTE?
HM.l QSl^MGS? ECL ■SEGT TSlL H.M PS■LU- ^R SYSl ULYFLyGQ9 GT 
ECL -,453U f H.M I..M■R H.UUG■GHLM.PU FMSRCSQ9LU STY 
UG■EJUSTYUE.TLU GT T.MECLMT CS■LUO
.MY.AGQGST URUELl f UQ. lG■■G.T RLSMU ^LH.ML IMLULTEO
HM.l .MY.AWQGLU? ST LSM■R QL■EGQ EMG^L1 ^R QCSM■LU ■SIC.MEC 
GT r,)V f ^R Q.l^GTGTF ECL PIILM QSl^MGST i.H ULYFLyGQ9j STY 
ECL ■.yLM UG■PMGST i.H lPMQCGU.Tj PUGTF Q.ll.T H.UUG■U SU S 
^SUGU .H MLGTELMIMLESEG.TO 6
UG■PMGST URUELl f ;4’ lG■■G.T RLSMU ^LH.ML IMLULTEO
HM.l ECL UG■PMLU? LSM■R GTCS^GEST!U .H yLUELMT LT.ZOSTY STY 
yS■LU1 ^R UGM M.YLMGQ9 lPMQCGU.T GT r,4’ f H.M H.UUG■GHLM.PU 
M.Q9U .H U.PECLMT CS■LUO
YLA.TGST URUELl f ;55 lG■■G.T RLSMU ^LH.ML IMLULTEy
HM.l YLA.TUCGML? LTF■STY1 ^R UGM M.YLMGQ9 KpPsWNEA STY SYSl 7 
ULYFLyGQ9 GT r,4V f H.M .PEQM.IIGTF M.Q9U TLSM YLA.TUCGMLO
s ^
QSM^.TGHLM.PU URUELl f 4;1’ lG■■G.T RLSMU ^LH.ML IMLULTEO
HM.l Q.SZf^LSMGTF UEMSES GT TYMECQLTEMS■ LTF■STY1 ^R yG■■GSl 
Q.TR^LSML STY yG■■GSl ICG■■GIU GT r,ss f N.M Q.S■f^LSMGTF 




SOURCE OF GEOLOGIC TIHE SCALE 
CAHBRIAM SYSTEH - 6 LJOH YEARS BEFORE PRESENT. 
FROH CAH8RIA, THE LATIN NAHE FOR WA ES; 8Y ADAH SED~ENICK IN
THE l83Q'S FOR POORLY FOSSILIFEROU~ BRAYNACKES AHD
SILT/SAHDSTONES tH NORTHERN WA ES. 
ORDOUJCIAH SYSTf~ - 500 HILLIOM YEARS BEFORE .PRESENT. 
FROH ORDOVtClES, AH EARL·< CELTIC TR18F.:; ~y CHARLES LAPWORTH
IN 1879 - BY COHBJNIMG THE UPPER CAH~RJAH <OF SEDGEWICK> AHD
THE LOWER SIL LIP.IAH (OF HURCHISOi'D USING COHMON FOSSILS AS A 
BASIS OF REINTE.RPRETflTlON. :;"· 
. ..... . . 
SILURIAN SYSTEH - 435 HILLIOH YEARS BEFORE PRESENT. 
FROH THE SI LURES, EARLY INHAB[TA~rs OF WESTF.RH EHOLAHO AND
WA fSi BY SJR RODERICK HURCHISON IN 183~ - FOR FOSSILIFEROUS
ROCKS OF SOUTHERN WA ES. 
DEVotH{:N SYSTEM :- 400 MIU.IO~! YE'ARS BEFORE f'RH~F.H  j 
FROH JlF.VOHSHlRF., F.Hf3l.ANO; 8Y S~R RODERICK HURC ~ N AHO ADAH f
SEDf;E~llCI\ JN l 839 - FOR OlJT CROf'PJNB ROCKS NF.AR DEVONSHIRE• 
CAR80HIFEROIJS SYSTF.H - 3-l!i HILi. IOH YEARS BF.FORE PRESEHT • 
FROH COAL-BEARIMG STRATA IN NORTHCF.NTRAL ENBLANDi BY WILLIAM
COHYBEARE ANO WCLLIAH PHILLIPS IH 1822 - f OR COAL-BEARING












■.yLM QSM^.TGHLM.PU GT LPM.IL STY ^MGESGTy
6’ f
lGUUGUUGIIG SC URUELl f 4;’ CG■GOG.C RLSMU ^LH.ML IMLULTE? ttt 
POUOS? .T■R ;;;
HM.l UEMSES .H PIILM CGUUyyyIG MGALM YMSGTSUL SMLSN ^R 
S■LBSTYLM CGTQCL■■ GT r,)5 f H.M QSM^.TGHLM.PU UEMSES .H ECL 
PIILM lGUUGUUGIIG MGALM STY ^M.SY■R L:PGAS■LTE E. ECL ■.yLM 
QSM^.TGHLM.PU .H LPM.IL STY ^MGESGTO
ILTTUR■ASTGST URUELl f 4r5 lG■■G.T RLSMU ^LH.MLO IMLULTEO kkk 
POUOSO .T■R ;kk
HM.l UEMSES GT ILTTUR■ASTGS1 ^R CLTMR yG■■GSlU GT r,Vr f H.M 
QSM^.TGHLM.PU UEMSES GT ILTTUR■ASTGS STY ^M.SY■R L:PGAS■LTE 
E. ECL PIILM QSM^.TGHLM.PU .H LPM.ILO STY ^MGESGTO
’TTT TT ’^ TT
ILMlGST URUELl f s45 lG■■G.T RLSMU ^LH.ML IMLULTEO
HM.l ECL UCS■■ E.yT .H ILMl1 ^R UGM M.YLMGQ9 lPMQCGU.T STY 
LY.PSMY W5a ALMTPLG■ GT r,;r f H.M H.UUG■U H.PTY GT UEMSES 
.ALM■RGTF MLQ.FTG0S^■LO QSM^.TGHLM.PU H.UUG■U TLSM ILMlO 
MPUUGSO
EMGS’UGQ URUELl f s45 lG■■G.T RLSMU ^LH.ML IMLULTEO
HM.l ECL EMGSY .H URUELlU .H ECL lLU.0.GQ LMS1 ^R HML.LMGQC
®+D S■^LMEG GT r54; f H.M ECL ■.yLUE H.UUG■GHLM.PU UEMSES .H
s ^
ECL EMGSY .QQPMMGTF GT FLMlSTRO k
-PMSUUGQ URUELl frV’ lG■■G.T RLSMU ^LH.ML IMLULTEO J






LOWER CARBONIFEROUS IN EUROPE · AHD 8RCTAIN. 
I 
HISSISSIPPIA~ SYSTEH - 345 HJLLION YEARS BEFORE PRESfNT, **t
u.s.f.l , ONLY ***. 
FROH STRATA C'IF -llPfaf.R HISS J RJVfR DRAINA~E hREAi BY
ALE:<flNDER WI'NCHELL: IH 187•1 - FUR CAR80NCFEROIJS STRATA OF THE
UPPER HISSJSSIPPI RIVER hHD BROADLY EULIIVALENT TO THE LOWER
CARBONIFEROUS OF F..:IJRllPE AHO BRITAIN. 




FROH STRATA IN PfNNSYl.VANJM BY HFNRY l-HLLJAHS H! H.:91 - FOR
CAR80HIFEROIJS STRATA IH PENHSYLVANIA AHD 8ROADLY EQUIVALENT
-nJ THE UPPER CARBOHIFE'ROUS Of E"UROPF. M!II BRITf\JN, 
... . ... 
PERiHAH SYSTEM - 280 iHLL. IOH YEARS BEFORE PRESEHT. 
FROii THE SHALL TOWN OF F'ERH r BY SH< RODERICK HURCH15CIH M-!D
EDOUARD d~:? VERNUEIL IN 1841 - FOR FOSSILS FOUND Hf STRATA
OVERL:YHW
RUSSIA. 
RECCIGrlIZABLF. CARBOtlJFF.RClllS FOSSILS N!=.:M< PERH,
TRH>.SS.IC SYSTF.li - 23(• till L.IC'lrl YEARS BF.FOf!E PRESENT. 
) 
FROH THE TRIAD OF SYSTEMS OF THE MESOZOIC ERA; BY FREOERICH 
von Alf<ERTJ' IN l 834 - FOR THE LOWEST FOSSJL.JFER_CILIS STRt'\TA OF 
• 
JHE TRIAD OCCURRING IH SERHANY, • 
JUR*'SSIC SYSTF.ti - 195 Hll.l.JCtrl YEARS BF.FOF! F. PRE8ENT • I 
I 
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a
CPC^.■YE GT r)V’ iIMG.M E. ECL PUL .H 3URUELCUkj STY ■SELM 
LUES^■GUCLY SU S PULS^■L .L.■.FGQ URUELC ^R ■L.I.■Y ®+D ^PQC 
GT r,4V f H.M UEMSES GT ECL -PMS l.PTESGTU ^LEyLLT 
UyGE0LM■STY STY HMSTQLO
QMLESQL.PU URUELl f r;5 lG■■G.T RLSMU ^LH.ML IMLULTEO
HM.l QMLES) ECL ■SEGT y.MY CLSTGTU QCS■9# ^R .lS■GPU €3CS■■.R 
GT r,ss f H.M ECL QCS■9 Q■GHHU ECSE QM.I .PE GT ^L■FGPly
HMSTQL STY C.■■STYO
I=
ELMEGSMR URUELC f *’ lG■■G.T RLSMU ^LH.ML IMLULTEO
HM.l ECL ECGMY .H H.PM lS-.M FL.■.FGQ UP^YGAGUG.TU UPFFLUELY 
^R FG.ASTTG SMYPGT. =Or)’V# ^R SY.IEG.TO STY Q.TESGTGTF ECL 
LI.QCU .H# OOO ! !
""-a T
IS■L.FLTL f ^R yG■■GSl UFCGlILM GT Z,);O *’ lG■■G.T RLSMU
^LH.ML IMLULTEO
L.QLTL f ^R QCSM■LU ZORHZO■ GT r,4sO ’’ lG■■G.T RLSMU ^LH.ML
IMLULTEO
.■GF.QLTL f ^R SPFPUE ®+D ^LRMGQC GT r,’;O 4) lG■■G.T RLSMU
^LH.ML IMLULTEO
lG.QLTL f ^R QCSM■LU ■RL■■ GT r,4sO s4 lG■■G.T RLSMU ^LH.ML
IMLULTEO A
I■G.QLTL f ^R QCSMG■LU ■RL■■ GT r,ssO O’ lG■■G.T RLSMU ^LH.ML
IMLULTEO
F
:PSELMTSMR URUELl f s lG■■G.T RLSMU ^LH.ML IMLULTEOk
HM.l ECL H.PMEC .H H.PM lS-.M FL.■.FGQ UP^YGAGUG.TU UPF.LfUELY
‘• 
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HUtiBOLDT JN 1795 (PRIOR TO THE USf OF •sYSTEHS•) AND LATER
ESTABLtSHEO AS A USEABLE GEOLOGIC SYSTEH BY LEOPOLD von BUCH
IN l B39 FOR STRATA IN THE JURA HOUHTAIHS BETWEEN
SWITZERLAHD AHO FRAHCE. 
CRETACEOUS SYSTEM - 140 HILLIOH YEARS BEFORE PRESEHT. 
~ ROH CRET~1 THE LATCH WORD HEANING CHALK; 8Y OHALIIJS ~'HALLOY
IN 1922 FOR THE CHALK CLIFFS THAT CROP OUT IN BELGJUH, 
FRANCE AHD HOLLAHD. 
TERTIAkY SYSTEM - 65 HILLJOH YEARS BEFORE PRESENT. 
FROH· THE THIRO OF FOUR HAJOR GEOI.OGIC SUBOIVISIOHS SUGGESTED
BY 6IOVAHH1 ARDUIHO c.J759i BY ADOPTIOM, AHD COHTAJNJN6 THE
EPOCHS OF;
e,.. 
; ' -· ....... _ .. ,. 




BY CHARLES l.YFLL Hl 183?.. 55 tiJl.LlOH YEARS BEFORE 
OLIGOCENE - BY AUGUST von BEYRICH IN 1854~ 37 HJLLJON YEARS 
BEFORE PRESENT. 
:' 
MIOCENE - BY CHARLES L)ELL IN 1~32. 13 ill.LIOH YFARS BEFORE 
,; 
PRESEHT.
PLIOCENE - BY CHAr~IL.ES LYELL .. rn · 1022. _5 HJL.l.JOrl YEARS F<EFllF:E 
• PRESENT. 
. 
QUATERNARY SYSTEM - 2 .HIL~IOH YEARS BEFORf PRESENT. • 
, 




^R ^G.AST9G SMYPGT. =Or)’Vr ^R -P■LU YLUC.RLMU GT r,sV f H.M 
UL.GCLTEU STY A.ZOQSTWQU yGEC UISMUL H.UUG■U iEC.PFCE E. ^L 
R5PT,LM ECST ELMEGSMRj STY Q.TESGTGTF ECL LI.QCU .H-
I::
f:
-PLErSTO(;ENE —----BY—^H^^ES^ H^ELt ^[T<~TT4E 1830'S^^ -^^
RLSMU ^LH.ML IMLULTEO
MLQLTE f ^R QCSM■LU ■RL■■ GT ECL r,45eUO
iSYSIELY HM.C ■LAGT; rV),j









• ~y 6IOVAHMI ARDUI~O c.1759i BY JULEE DESHOYfRS JN 1829 - FOR
SEOIHEHTS ANO VOLCANICS WITH SPARSE FOS$ILS <THOUGHT TO BE
YOUNSER THAH TERTIARY> AHD COHTAININ6 THF. EPOCHS OF; 
H  19 •)-LS 
YEARS BEFORE PRESE~T. 
RECENT - BY CHARLES L1ELL IH THE l830'S. 








Q.MML■SEG.T .H CSFCGEPYL STY GTELTUGERO 
LBI■STSEG.T .H lLEC.Y.■.FRO &
%
IMG.M E. ECL H.MlP■SEG.T .H ECL MGQCELM UQS■L! yCGQC GU PULY 
E. YLUQMG^L ECL lS.TGEPYL .H ST LSMEC:PS9LO ECL IMGlSMR 
lLCE.Y .H YLUQMGIEG.T .H ECL UEMLTFEC .H ST LSMEC:PS9L ySU 
ECM.PFC ECL Y.QPlLTESEG.T .H LRLfyCGETLUU SQQ.PTEU STY ^R 
YLUQMG^GTF ECL LBELTE .H ECL YSlSFL Y.TLO l.UE■R 





QCSM■LU HO MGQCELM YLAGULY ECL UQS■L ^LSMGTF CGU TSlL GT ECL 
rV453UO iE GU S AS■PL■LUU TPl^LM SUUGFTLY E. S UILQGHGQ 
LALTE yCGQC Q.MML■SELU E. ECL E.ES■ LTLMFR ML■LSULY YPMGTF 
ECL LALTE? ECL UQS■LO PUPS■■R YLUQMG^LY SU 3.ILTfLTYLYkO GU 
S ML■SEGAL■R UGlI■L TPlLMGQS■ IM.FMLUUG.T HM.l 5 E. r5O S 
UILQGHGQ lSFTGEPYL GU SUUGFTLY E. S UILQGHGQ LALTE .T■R SHELM 
YSES HM.l S TLEy.HZ9 .H ULTU.MU CSU ^LLT ML■SEGAL■R Q.lISMLYO
ECGU TLEy.M9 GU UIMLSY ECM.PFC.PE ECL y.M■Y O STY ECL YSES GU 
HMLL■R LBQCSTFLY ^R ULGUl.■.FGUEU HM.l TLSM■R LALMR‘Q.PTEMRO
ECL MGQCELM lSFTGEPYL E. ^L SUUGFTLY E. S FGAL2EyLALTE GU GT 
ECL H.MlSE .H S YLQGlS■ TPl^LM MSML■R FGALT GT l.ML ECST Ey. 
UGFTGHGQSTE HGFPMLUO 5O“?1 ;O5 .M )O)’O ECL ^SUGU .H ECL
TPlLMGQS■ IM.FMLUUG.T GU UGlI■R ECL ■SMFLM ECL TPl^LM ECL 
FMLSELM ECL lS.TGEPYL3 STYO .^AG.PU■RO ECL FMLSELM ECL 
LSMEC:PSW&LO HPMECLMO SC LALTE .H CSFTGEPyL C ; ;O5 GU r5 
iELTj EGlLU FMLSELM ECST ST LALTE yC.UL lS.TGEPYL GU C f ’O.N 3I 
APPEHDI:< 9, 
I 
CORRELATION OF HAGHITUOf AHD INTENSITY, 
EXPLAHATtOH OF HETHODOLOGY, 
1 56 
- . - d - .... 
PRIOR TO THE FORHUL.ATJOH or THE RICHTER SCALEr WHICH JS llSED
TO DESCRIBE THE HAhHITUDE OF "N EARTHQUAKE, THE PRIHARY 
HEHTOD OF DESCRIPTION Of THE' STRENGTH OF AH EhRTHQUAKE WAS 
THROUGH THE OOCUHEHTATtOH OF EYE-WHtTNESS ACCOUNTS AHO BY 
DESCRIBING THE E>:TENT OF THE JIAHAGE DONE, HOSTLY
CONGENTRA1'IN6 IJH HAH-Hl'IDE 08.IECTS, 
CHARLES F. RICHTER JIEVJSED THE' SCALE BEARING HIS NAHE IN THE
193•)'S, CT IS A VALUEL~SS NU~8ER l'ISSIGNED TO A SPECIFIC
EVEtH WHICH COP.RELATES TO THE TOHH. fJ.ffRGY REL.EAS·E'D DURI"NG
THF. EVENT, THE SC/'4LF. 1 IJSUALL"f OESCRlBED AS 'OPEH-EHDF.O", IS
' A RELATIVELY SJHPLE NUHERICl'IL PRPGRESSIOH FROH OTO 10, A 
SPECIFIC HAGHITUDE IS l'ISSI NF.O TO A SPECIFIC EVEHT ONI.Y AFTER
DATA FROH A NETWO~K OF SENSORS HAS BEEN RELATIVELY COHPARED • 
. THIS NETWORK IS SPREAD THRCIUGHOUT THE WORLD , AHD THE OATl'I IS 
FREEL y E>:CHAtlGf.D BY SE I SHOI.OGJ STS FROH NF.ARL y EVERY) ccrnNTRY. 
THE RICHTER HAGNITllDE TO BE :'\SSI NF.O TO A 6IV01JEHT IS IN f 
' THE FORHAT OF ('. DEC Hi AL tWHBER RARELY GJ l,.'H! H! tiORE THA'H nm 
SIGHIFICAJH FIGURES, i,:~,; 6. 1) OR .7.,75, THE Bl'ISIS OF THE 
<I 
NUtiEJi:ICAL. F'R06P.ESSIOH I~ SIHF'l.Y THE LARGF.R THE NllHBER THE
GREt\TF.:R THE MAGNITUDE " AHD1 08VIOUSI.Y1 THF. 6REATF.R THE
EAF:THOlllfl-:E, FURTHER, AH EVENT OF HAGHITU' E H 6.0 lS 10 










h' ’ ’ 
PBT FTTT
ECSE rU; ELT EGlLU ECLO LTLMFR ML■LSULY ^R ECL C w6 ’O5 LALTE
lG■■ ^L ML■LSULY ^R ECL C m ;O5 LALTEO
’s“m IIMLCGUE.MGQ LSMEC:■GS9LUN .M l.ML Q.MMLQE■Ry IMLfULGUCGfMS■■ 
MLQ.MYLY LSMEC:PS9LUyy-yR ^L SUUGFTLY S MGQCELM lSFTGEPYL 
AS■PL LALT EC.PFC ECLR yLML T.E YGMLQE■R MLQ.MYLY yGEC 
MLUILQE E. ECL Sl.PTE .H LTLMFR ML■LSULYO ECGU CSR ^L Y.TL 
yGEC S ^GE .H MLULSMQC GTE. ECL YLUQMGIEG.TU .H SC LALTE 
ECM.PFC UPQC U.PMQLU SU LRLfPGETLUU NssIpAdr5 TLyUISILM 
YLUQMGIEG.TU .H YSlSFL E. lSTflSYL .^-LQEU STYN .H Q.PMUL! 
Q■SUUGQS■ FL.■.FGQ HGL■Y lLEC.YU GT ECL LALTE SMLSO LALT 
■LFLTYU HM.l ECLT LBGUEGTF EMG^LU .H STQGLTE CST QST ^L PULY 
E. UCLY ■GFCE .T ECL TSEPML STY GTELTUGER .H ECL LALTEO
SU y.P■Y ^L UPUILQELY! 3 l.ML ECSGE .TL ULGUl.■.FGUE CSU 
YLAL■.ILY U.lL U.ME .H lLEC.Y GT ST SEELlIE E. :PSTEGHR ECL 
LHHLQEU .H LSMEC:PS9L LALTEU .T ECL LTAGM.TlLTE GT ELMlU .H 
GTELTUGERO ECL ES^■LU CSAL ^LLT YLAL■.ILY yGEC U.lL lLSUPML 
.H GTYLILTYLTQL GT ^.EC ECL Q.■■S^.MSEG.T yGEC .ECLM 
ULGUl.■.FGUEU yCG■L GTELMIMLESEGTF ECL YSES STY YPMGTF 
GTYGAGYPS■ GTELMIMLESEG.T .H ECL YLUQMGIEG.TUy MLQ‘^MYLY YSES 
AU? UP^-LQEGAL YLUQMGIEG.TU? HPMECLM; ECGU NANBOXSAnSAsS GT 
YLAL■.IlLTE CSU MLUP■ELY GT ULALMS■ ES^ZLU .H GTELTUGER 
YLUQMGIEG.T yCGQC Y. T.E LBSQE■R Q.MML■SEL yGEC LSQC .ECLMO 






THAT lSr T£N TINES THE ENER~Y RELEASED BY THE H 5.0 EVENT 
WILL BE RELEASED 8Y THE n 6.0 EVENT. I 
. . 
PRE HI STOP.IC EARTHDllin:E Sr OR HOR.E CORRECTL. Y, f'RE-Sf. I SH?-efd.:l
RECOROE.O _EARTHOIJ.:tKE~ BE ASSIGNED A RICHTER nAONITUDE
VALUE EVEN THOUBH THEY WERE NOT nIRECTLY RECORDED WITH
RESPECT TO THE AnOUNT OF ENERGY RELEASED. THIS HAY BE DONE
WITH A BIT · OF RESEARCH I~TO THE DESCRIPTIONS OF AH EVENT
THROUGH SUCH SOURCES AS EYE-WITNESS ACCOUNTS, NEWSPAPER
DESCRIPTJOHS · OF . DAMAGE TO HAH-HAOE OBJECT& AHn, · oF COURSE,
CLASSICAL GEOLOGIC FIELO · HF.THODS IN THE EVENT AREA. EVEN
LEGENDS FROM THEN EXISTING TRIBF.S OF ANCIENT HAN CAH BE USED
TO SHED LIGHT OH THE HATURE AHO INTEHSITY OF THE EVENT • 
.;~ .. ---"!.-~~ -0 • 
AS WOlll TJ BF. SUSPECTED r iOl~f. THA . ntn::· SEISHOL.OBIST HAS
DEVELOPED SOME SORT OF HETHOO IN AH ATTEMPT TO QUANTIFY THE
EFFECTS OF EARTHCWM:E .E\lf:'NTS OH niF. EN\IIROHt;ENT IN TF.RHS OF
INTF.HSCTY. THE TABLES HAVE SEEN DEVELOPED WITH SOHE MEASURE
OF INDEPENDENCE IN BOTH THE COL.l.ARORATIOH MITH OTHER
sEISrHJLOGISl'S WHILE IHTERPRETA rIHG . THE . OATAZD DURING 
INDIVIDUAL INTE~PRET~TJOH OF THE DESCRIPTIOHS, REC RDED OATA
VS, SlJ8.IECTilJE OF.SCR PTIOHS, FIJRTHER, THIS I F.PEHDENCE IN ( 
DEVELOPMENT HAS RE~LILTED IN SEVERAL TABLES GF IHTENSJTY
, 
Dt:SCRIPTtON WHICH DO NOT EXACTL'f CORP.ELATE lHTH EACH OTHER.
NOR DO THEY CORRELATE ·~ITH THE ABSOLUTE ~ABHilUDE SCALE








GTELTUGER UQS■LU SML YLUGUTLY E. YLUQMG^L ECL LHHLQEU .H 
LSMEC:PS9LU .T CST) UEMPQEPMLU STY UPMM.PTYGTFUO ECL UQS■LU 
SML IMLULTELY SU UP^-LQEGAL YLUQMGIEG.TU .H CPlST MLUI.TUL 
STY YLUQMGIEG.TU .H ^PG■YGTF YSlSFL? ECL P■EGlSEL IM.^■Ll GT 
Q.MML■SEG.T .H STR c:Ly?y GTELTUGER UQS■LU yGEC ECL MZ3QCELM 
lSFTGEPYL UQS■L GU ECSE SU LSMEC:PS9L LTFGTLLMGTF IM.FMLUULUk 
ISUE ^PG■YGTF MLUI.TUL E. GTELTUGER .H UCS9GTF lSR T.E ^L 
SII■GQS^■L E. ISMEGQP■SM GTELTUGER UQS■L YLUQMGIEG.TU 
iEMGHPCSQ STY ^MSYRk rV)’jO LALT LRLfCGETLUU SQQ.PTEU SML 
.T■R U.lLyCSE ML■GS^■L SE ^LUEO YGHHLMLTE ISMEU .H ECL ^.YR 
MLUI.TY YGHHLMLTE■R ECST .ECLMU E. UCS9GTF SU y.P■Y ^L ISME 
.H S UGFTGHGQSTE ULGUlGQ LALTEO ECSE GUk ECL LRL ^S■■ 
MLU.TSELU YGHHLMLTE■R ECST ECL CLSY GEUL■Hk SU ST LBSlI■Lk 
H.M S FGALT HML:PLTQR .H UCS9GTFO ECPUk ECL -PYFlLTE .H ECL
LRL C55TL:! nn&ny n3y3y3yky WFp t*Fy wO7O LFRO7pOAy
SHHLQELY ^R ECL LSMEC:PS9L UCS9GTFO YGHHLMGTF HML:PLTQGLU .H
re3 LSMEC UCS9GTF Q.P■Y S■U. SHHLQE ECL .^ULMALM3U YLUQMGIEG.T





GT S ES■■ ^PG■YGTF .M .T ECL l.ML U.■GY FM.PTYO
CGU YLUQMGIEG.TU SML lSEQCLY E. SQQLIELY YLUQMGIEG.TU .H ECL 
GTELTUGER QCSMEU E. YLELMlGTL ST GTELTUGER AS■PyEMGHPTSQ 
STY ^MSYRk rV)’j? U.k GE GU :PGEL LAGYLTE ECSE S yLS9TLUU 
Y.LU LBGUE GT SEELlIEGTF E. Q.MML■SEL ECL ASMG.PU GTELTUGER 
UQS■LU?? ST S■l.UE GlI.UUG^■L ESU9 .H Q.MML■SEGTF ECLUL 
GTELTUGER UQS■LU .H UP^-LQEGAL lSELMGS■ E. ECL AS■PLU .H 
MGQCELM lSFTGEPYL S■U. ^LQ.lLU LAGYLTE GT ECSE ECL lSFTGEPYL 







INTENSITY SCALES ARE DESJ~HED TO DfSCRJBE THE EFrECTS OF
EARTHQUAKES ON rlAH1 STRUCTIJRES ANO SURROUHn'INGS. THE: SCALES
ARE PRESF.NTE'D AS SllBJEClIVF. DfSCRIPTJOHS OF HlJHAH RESPONSE
-
AHD OESCRIPTtOHS OF 8UILDt~6 OAHAGE. THE ULTIMATE: PROBLEK IN
. COP.RF.LtHIOH OF AHY INTENSITY SCALES MlTH THE P.i'CHTER
HAOHITUDF. SCALE ts THAT AS EARTHQUAKE EH6INrERIN3 PROGRESSES,
PAST BUILDING RESPOHSE TO INTENSITY OF SHAKING HAY NOT BE
APPLICABLE TO PARTICIJLAR INTEHSITY SCALE DESCRIPTIONS
(TRlfUHAC AHD BRADY, 1975). EVEN EYE-WITNESS ACCOUNTS ~RE
· ONLY SOMEWHAT RELIABLE AT BEST. DIFFERENT PARTS OF THE BODY
RESPOHD DIFFERENTLY THAH OTHERS TO SHAKIHB AS WOULD BE PART
OF A SIGNIFICANT SEISMIC EVENT. THAT IS, THE EYE BA~L
RESOHATES DIFFERENTLY THAH THE HEAP ITSELF, AS AH EXANPLE,
FOR A GIVEN FREQUENCY O~SHAKING. THUS1 THE JUOGMEHT OF THE 
AFFECTED BY THE EARTHQUAKE SHAKING. DIFFERING FREQUENCIES OF 
' 
EARTH SHM:nm cotjl D ALSO AFFECT THE OBSf.RVER' s DESCRIPTION 
DEPEHOtNG OH WHETHER HE WAS PH"fSICALLY ON BEDROCK OR LOOSE 
SEDIHE'NTS, JN A TALL BUILDING OR OH THE HORE SOL.In GROUHn. 
HIS 01::SCRIPTIONS ARE MfHCHED TO ACCEPTED DESCR P~rIO S OF THE 
INTfNSITY CHARTS . TO DETERMINE AN JNTf SITY VALUE TRlfUHAC
ANfJ '8Rf)0"f 1 l 975) • SO 1 CT IS OUITF. EVIDENT TH fl WEAKNESS
ltOF.S E>:IST IN ATTEHPTHtG TO COP.REl.f4Tf THE UAP.JOI.IS JNTF.NSITY
SCA ES'• AH AL!iOST IMf'OSS!BLF. TASK iJF CQRREL:HIN6 THESE
• INTENSITY srAI. f.S Of SUBJECTIVE tiATERJ Al. TO THF. VM.UF.S OF
RICHTER MAGNITUDE ALSO BECOMES EVIOEHT IN THAT THE HAGNITUDE
IS DETF.RHINE~ THROUGH QUAHTJFJCATJOH Of l scJENTIFICALLY
"t, • 







ECL H.■■.yGTF ES^■L CSU ^LLT Q.TUEMPQfELD PUGTF ES^■LU HM.l 
ULALMS■ U.PMQLUk ECL Q.MML■SEG.T .H ECL ECMLL GTELTUGER 
UQS■LU ySU LBEMSQELY HM.l CSRU irV^5j! STY ECL Q.MML■SEG.T .H 
ECL MGQCELM CS.TGEPKyyS■L yGEC ECL l.YGHGLY CLMQS■■Gk UQS■L 
ySU LBEMSQELY HM.l y..YySMYf■PTYFMLT STY SUU.QGSELU irV);j 
yCGQC CSR .M lSR T.E ^L .MGFGTS■ y.M9O ECLUL ES^■LU SML H.M 
G■■PUEMSEG.T .H ECL IM.^■Ll .H Q.IOML■SEG.TO GCILMGQS■ PUL .H 





ILS9 FM.PTY SQQL■LMSEG.TW CSFTGEPYL;
~ ‘
STY GTELTUGER Q.lISMLYO
GTELTUGEROO O AS■PLUO Sy5L? FLOTHMS■■B SUUGFTLY ^R YSlSFL MLUP■EGTF 
HM.l ST LSMEC:PS9LO hNchNdpnSr5 yCLML T.E GTUGMPCLTESZO■R 
MLQ.MYLY? lSR ECLT ^L SIIM.BGlSELY ^R IULPY.fQ.MML■SEG.T yGEC 
ECL GTELTUGER UQSGOLO C.yLALM? GE GU l.ML lLSTGTFHP■ E. 
Q.MML■SEL GTELTUGER yGEC ILS9 FM.PTY SQQL■LMSEG.T GT .MYLM E. 
UQS■L YLUGFT MLUI.TUL i9SRU? rVV5jO lSFTGEPYL AUO OGTELTUGER 




THE FOLLOWING TABLE HAS BEEN COHSTRUCTE USJN6 TABLES FROH
SEVERAL SOURCES. THF. CORRELATIOH OF THE THREE INTEH~JTY
SC~LES WAS E>:TRACTED FROH HA'iS < 1980 > r fiHD THE CCIP.REU':TIOH OF
THE RICHT~R H:'iOHtTIJ~l.E IHTH THE tm_OIFIED HERCALLI" SCALE
WAS EXTRACTED FROH WOOPWARD-LUHDGREN ~ND ASSOCIATES (1974>
WHICH HAY OR MA1 NOT BE ORtGI~AL WORK. TH~SE TABLES ARE FOR
ILLUSTRATION OF THE PROBLEH OF CDRRELATJOH. IHPERJCAL USE OF
THE TABLES IS LEFT TO THE IHDIVIDUAL PREFERENCE OF THE
READER, 
PEAK GROUHD ACCELERATJDHr HAGHITUDE, 
AHD INTEHSITY COMPARED, 
INTF.HSITY _. VALUE_S. hf~E., .Gf..NER~l.L . ./-\~H,Hr::TJ ~y -l"lltHIIGF-; P,F._SUL TING- -- :-· .. ..... ,• .. 
FROM AH EARTHQUAKE, HAGHITUPESr WHERE NOT INSlRUHENTALLY
RECORDED, MAY THEK BE APPROXIMATED ~y PSEUDO-CORRELnTIOH WITH
THE INTENSITY SCALE, HOWEVERr IT IS HORE HEAHINGFUL TO
CORREL.ATE INTENSITY WITH PEAK GROUHO ACCELERATION IH ORDER TO
SCALE DE SIGH RESPONSE < 1-lAYS r l 980 >. HAGHITUDF. )VS. H!TENSJTY











SQQL■LMSEG.T AUO CSFTGEPYL AUO GTELTUGER
TQTT
■LFLTY
I T4iCj f UQS■L .H TLPlSTT irV’;j FM.PTY SQQL■LMSEG.TO
6-Pt('O f UQS■L .H FPELT^LMF STY MGQCELM irV’kj FM.PTY
SQQL■LMSEG.TO
Mj f UQS■L .H QOHO MGQCELM irV453Uj LSMEC:PS9L CSFTGEPYLO
GDD f l.YGHGLY lLMQS■■G GTELTUGER UQS■L iPULY GT ECL PTGELY 
UESELUjO
G- f -SIST lLELM.ZO.FGQSZO SFLTQR GTELTUGER UQS■L ^R 9SPSUPCG 
irV’rjO O
?G! fFL.ICRUGQU GTUEGEPEL .H ECL SQSYLlR .H UQGLTQLU 









TABLF. s ; 
.. 
ACCELERATION VS. HAGHITUDE VS. tHTEHSITY 
,.: 
LEGE'ND 
Na(tl) - SCALE OF NEUHANH (1954> GROUND ACCE~ERATION. 
G-Ra  !t > BCAL F. OF 61JTHlBEF;G MID RICHTER ( 1 S'56) 6ROUHD 
ACCELERATION. 
R~ - SCALE OF c.F~ RICHTER (1930'5) EARTHQUAKE tiABHJTUnE. 
I•~ HOOIFIED HERCALLt tNTEHSITY SCALE <USED tH THE UNITED
STATES). 
IJ ~IAP(IN tiETEF:Ol.OGICAL. <"GENCY JNTF.:MSJTY SCALE BY Kf-tWltSUHI
< 1951).
Ir - . GECIF'HYSICS JNSTJTlJTE ClF "fHE". AC~DEl'iY Of . SCJ~NCF.S






Tl'i8L.E: 9.ACCELERtHIOH VS. i1AGNITUDE VS. tHTEHSITY 
-· . . , .. . I . - :x . r ·: I • :I. 
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S^^MLAGSELY CLMQS■■G GTELTUGER YLUQMGIEG.TUO
I
00Ti
GO GCILMQLIES^■LN CSC1 UILQGHGQ GTUEMPlLTESEG.T TLSM 
LALTE FGAL T.ELO
GGO ALMR U■GFCE1 T.EGQLS^■L E. .T■R ALMR HLy GT ILMHLQE 
MLI.ULO
GGGO U■GFCE1 UEG■■ T.EGQLS^■L E. .T■R S HLy? ■G9L S ISUUGTF 
ySF.TO
GAO l.YLMSEL1 T.EGQLS^■L E. C.UE .H EC.UL GTY..MU SQQ.PTE 
MSEE■GTF QM.Q9LMR; ■SCI l.ALlLTE STY MSHELM QMLS9GTFO
AO MSECLM UEM.TF1 LALT HL■E ^R IL.I■L .PEI..MUN ^PG■YGTF 
l.ALlLTE GU YLELQELY1 EMLLU STY HPMTGEPML l.ALlLTE GU S■U. 
T.ELYk2‘3OO O
AGO UEM.TF1 HL■E ^R S■■ ILMU.TU yGEC S■SMl1 ^..9U HS■■1 
I■SUELM QMSQ9UO
AGGO ALMR UEM.TF1 Q.TUGYLMS^■L HPMTGEPML YSlSFL1 yL■■ CSELM 
■LAL■U QCSTFLY1 ULMG.PU YSlSFL E. I..M■R Q.TUEMPQELY 
^PG■YGTFUO
AGGGO MPGT.PU1 EMLL EMPT9U UySR SU yGEC UEM.TF yGTY1JOZSEPLU 
TLSM FM.PTF M.ESEL .M HS■■O
GBO YGUSUELM.PU1 U.■GY■R ^PG■E C.PULU YSlSFLYO
BO YLUEMPQEGAL1 UE.TL STY HMSlLy.M9 ^PG■YGTFU .ALMECM.yT1
m s










ABBREVIATED HERCALLt INTENSITY DESCRIPTtOHS. 
I• IHPERCl:PTABLE, AHi SPEClflC INSTRUHENTATIOH NEnR 
EUEHT G1VE NUTE. 
II. UERY SLIGHTi NOTICEABLE TO OHLY VERY FEW IN PERFECT
REPOSE. 
IIJ, Sl.IGHH S'fJL.L NO'fJCEABLE Tll ONLY A FEW, LJI\E A PASSING
~AGON. 
IV. HODFRATE; NOTICEABLE TO l'iOST OF THOSE INDOORS ACCOUHT
RATTLING CROCKER11 l.AHP HOUEHEHT AHD RAFTER CREAKING. 
V. RATHER STROHGr EVFH FELT BY PEOPLE Ol.lT 'IOOF<Sr BlJILJJJHG
MOVEHEHT IS . OETEC:TEtl TR~ES AND FURNITURE iiOVEiiEHT IS ALSO
NOTE~ •.. . · · _,. 
VI. STROHGi FF.LT BY f:LL PERSOHS ~IHI ALARl'ir BOOKS FALL,
PLASTER CRACKS. 
VII, VERY STRDHGr COHSIDERABLE FURNITURE DAHAGE, WELL MATER
• LE'JEI.S CHANGED SERIIJIJS DAHAGF.: TO POORLY Ct)HSTRUCTED
au I un tms. 
VIII. RUH!OUSi TREE TF:Utll·:S SWAY AS IJI_T_H__,S'-TR!:H-16 ~J:tNftr i H~TllES
NEA~ GROUNG ROTATE OR FALL. / 
IX. DISASTEROUSi SOLJI'll.Y BUILT HOUSES DAHAGf.D. 
X. OESTRU CTIVE; STONE AHD FRAiiEWURK BUILDINGS 01JERTHROWH, 
• 
SERIOUS BP.IDBf. DAii ABE s GRDLfHD Fl SSURF.:!:~ F·RESF.MT, LOOSE BROUHD 
CLIFFS SI.IDE DOWN. 
f 
BGO (L5Lp57*4WO; ^PG■D5l.U MLYPQLY E. PpX0eS5 ^M-Y*LU 
YLUEM.RLYy FM.PTY IGIL STY Q.TYPGE ULALMLYO yGYL FM.PTY 
HGUUPMLU IMLULTEO
BGGO FMLSE (L5Lp57*4WO; T. y.M9 .L CPlST CSTYU UESCY-TFN 
HSP■EU STY LWUUPMLUyyyLT GT M.Q9R FM.PTYO ■S9LU YSlSFLYO 
MGALMU YGALMELYO M.Q9 Q■GHHU ^MLS9O






XI. CATASTROPHE RUIL I~GS REDUCED TO RUBRLEr BRIDGES
DESTROYED, 6ROUNO PIPE AHO COHDUCT SEVERED, WEDE GROUND
FISSllF:ES f'RESENT. 
XII. GREAT CATASTROPHfi NO WORK OF HUNAH HAHDS STAHD JHG ,
... 
FAULTS AND FISS RES IN ROCKY GROUND, LAKES DA~A6ED,
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